A

MAR 1990
RECEIVED

D TR A

- At o

s

SULLETIN OF THE GEOLOGICAL SOCIETY OFf AMENICA (/}\ {
VOL. 82, PP, $5/-10. 78 FIGS. 16 PLS. AUCUsT e L S

CIIANNELED SCABLAND OF WASIIINGTON: NEW DATA
AND INTERPRETATIONS

By J Hanawxw Bagre, I T. U. Sunit, axp Georce F. Niere

AssTracr

The calstence of four diffeicnt interpretutions of that extranrdinary asembdage of
ercrional mul depurdtional Luwd fornes of castenn Washington, the “Channclal Scalbawd®,
hulicates that rigoromsly definitive diagnustic charactvis had it been found. This study,
dealing with new data, largely from extensive excavations and detailed topographic maps
made by the U. S. Bureau of Reelamation in developing the great Columbia Basin Teriga-
tion P'roject, returns to the earlicst of the four interpretations: that channcled scalland is
almost wholly the conscquence of catastrophic flondine of glacial water across this part
ol the Columbia IMlateau which remade preglaciat valleys into an snastomosing comypiles
of yreat river channels with huge cataracts, deep rock Lasing, and bars attaining magni-
tudes unknown clsewhere on carth,

The new evidence is heid to establish firmly the following points:

(1) Some structural Lasins of the region did not have exterior drainage priot to arrival
of glacial watcr.

(2) The grivel hills called hars by Bretz (1928a) have the shapes, surface markings,
structures, and topographic situations possible only fur subfluvial constructional deposits.
In magnitudes and bouldery composition, they are sui geweris. )

(3) Several episodes of catastrophic discharge have occurred across this part of the
Columbia Mateay. .

(4) The Columbia Valley skirting the platcau has liad cumparable floods in which the
scabland comjilex did not share.

(5) Successive floods have Leen differcutiated only Ly topographic relations of their
records, not by differential weathering and crosion,

(6) Bretz did not overestimate the magnitude of the erosion by glacial waters.

(7) The existing scabland features contradict the three later interpretations.
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InTRODUCTION ‘ and some weathering and erosion, similarly

The plateau character of eastern Washing-
toa is determined by the Miocene Columbia
River basalt flows. In northern and castern
marginal portions, islandlike hills of much oldcr
crystalline rocks project above the general
plane surface. Locally, folding and faulting of
the basalt have made strongly expressed cor-
rugations, uplifted little-eroded linear tracts,
and depressed arcas of only incomplete filling.
All relief features, whether diastrophie, ero-
sional or depositional, are interruptions of a
Iegional southywest ward .slﬂ'\e__ of_she._ plateau
basalt flows,

The original low-lying basalt plain received
fluviatile and lacustrine scdiments—Elens-
burg, Latah, carly Ringold (?)—before re.
corded defonmation or crosion. After folding

de

tived sediments were deposited in structural

basins and are still flat-lying. The Ringold
forination in the Pasco basin is the outstanding
record of this time. Considered to be of Pleisto-
cene age solely from it scantly vertebrate
remains, it shows no evidence of contempo-
rancous glaciation,

ex
M
de
A

Overlying all these older formations is an
tensive, thick silt mantle, the “Palouse soil *
ost of it is clearly of loessial origin, but a
tailed history hag not yet been deciphered,
solling to hilly topography, made mostly

by stream erosion but some by wind, appears

to
of

qu

have existed on this mantle during the time
accumulation of the dust and has subse-
cntly become much more marked. Calcified

and reddened toncs, even caliche layers, are
known decp in the loess. A widespread sub-

T T e e ———ee -
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surface caliche was formed after loessial deposi-
tion had passed jis maximum. It exists also on
older rocks where not locss-covered.

off the basalt chiefly alorg preglacial drainage

" lines, and the basalt itself was notably eroded

in places. In these glacial-river courses are
extensive stream’ gravels of the same age and
origin. Only the northern edge of the plateau
was invaded Ly the Cordilleran ice sheet,
In the lower reaches of Snake River canyon,
in Pasco basin of the Columbia, and in lower
Yakina and Walla Walla valleys are wide-
spread lacustrine silts—the Touchet beds—
also contemporancous with glaciation in high-

silts record & “Lake Lewis” backwater ponding
either from a great blockade in the Columbia
gorge across the Cascade Range or from a low
stand of this part of the continent and an
estuary from the Pacific, “Lake Lewis” js only
8 general term [or possibly several Pleistocene
pondings of the Columbia and jis tributaries
in the southwestern part of the plateay.

The term channcled scabland was first ysed
by Bretz (19233; 1923b) for the remarkably
anastomosing system of glacial-river courses
distributed over an area approximately 125
by 125 miles on the plateau.! Bretz (1927a)
noted that:

g lands to the north, east, and west. The Touchet

“The channeled scablands . . . cover almest 2000
Square miles. .. of the plateau. They are elongate
tracts, oricnted with the gentle dip slope of the
uqderlying ba<alt flows, mostly bare rock or with [

a cover

conslitute & curious Anastomosing pattern, the
down-dip convergences inhetited from an earlier

of the h'gher loess-covered areas jn the scablands,
{rom a fraction of 5 square mile to many townshj 1
in cxient, all discontinuous snd bowinded by the
scabiland areas, The steep niarginal slopes in locss
are in striking contrast to the gentle slopes of he

——

! After the Sppearance of 11 more titles by this
suthor and Papers by writers who did not accept
i i ge origin of channeled l::t-

tures of channeled scabland, except for one writer's
explanation which has been vigorously rejected by
everyone else acquainted with the region.

older drainage pattern surviving withia each isolated
tract. Can)'m in the llcabhnds are multiple and
Stasiowaumng, Amazingly 20 in some ir.

anmwhhmuﬁlwwmmha
Iahymllln_-c fashion about bare rock knobs and
buttes wnlike any othe: It 1d surface on the earth,

P €anyons are interpreted gy han not
valleys, hence the term 'dn::l:kd nlcahndn'c'l"'

This definition dealt only with erosional
features. But the glacial rivers (hat “chan-
ncled” the scablands also left deposits whose
character, the leading theme in this study, is ag
extraordinary as that of the crosional forms.

The glacial water that made the scabland
crossed the preglacial divide along the high
northern margin of the tilted plateau, found
gradients of 20-25 feet per mile in the pre-
tlacial drainage ways leading southwestward
down the dip slope, greatly enlarged them, and
* crossed minor divides among them to make the
8nastomosis. At some of these crossings can-
yons 402-900 feet deep were eroded by cata.
ract reeesiion, Empty rock basing more than
100 feet deep and not of plunge-pool origin
occur in many places. The glacial rivers which
swept the loessial covep off the underlying
basalt and Icft the sharply expressed marginal
scarps, deseending from the mature topography
of the loess “islands” 1o the essentially bare
basalt of the channel floors, are also recorded
by great mounds of basaltic debris, chiefly in
the Quiney structural basin and in portions of
the canyons of Snake and Columbia rivers
which discharged westward. Any satisfactory
theory for the genesis of this unique assemblage
of land forms must take account of all these
features and relations.

Four distinctly different explanations, based
on ficld studies, have been proposed during the
Past 30 years. At least three theories utitize
enough apparently supporting ficld evidence
to have been accepted among geologists ac-
quainted with portions of the region, but each
has lacked sufficient evidence to eliminate i1y
rivals,

Ficld study on which this paper is based is
the execution of a long-cherished plan by
Rietz 1o testudy the region with the later

* Where used without qualification In this paper

“loess” ineludes both the thin, fairly recent loess

mantling the matyre slopes of the “Palouse topog-

raphy” “and the Pleistocene Palouse soil, itself
gely locssial in origin,
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tival interpeetations in mind. The great Colume [y, demands oy
bia RBasin Irtigation Project in the weilern  mure thag detailed
part of the scabland complex has made nuw
data available from the extensive hew cxcava-
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¢ Whan cursory inspection,
study of limite) portions.
Onc major Phase of the record never before
adequately treated g the topography, com-
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United States Geolegical Survey,

tions and detailed topographic maps by the Position, and structure of the scabland river

U. S. Hurcay of Reclamation, Several new deposite, the lead
quadrangle topographic maps by the U. §. papee. A C. Waters, w

ing theme of the present
ell acquainted with the

Geologicat Survey have appeared, and (he scabland, wrote the suthors that “the best

entire region has been photograplied Ly the thing you can do to co
U. S. Depu. of Agriculture. The ficld work was
carried out with three men working together ag looting at the region
8 check on a "ruling-thcmy" tendency, J. H. Mackin, also v

The finally accepted theory for the origin of ficld, said that
this asscmblage must consider the entire arca, one must throw

The clephantine character of

nvince your reader is 10
beg, cjole, even browbeat him into rev.ly
' topographic maps"”,
Il conversant with the
to understand the scabland,
away textbook treatments of
channeled scab-  river work”, A doubting but open-mindcd
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reader is hercby warned, Maps are repcatedly
listed for his critical exaniination.
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Previovs INVESTIGATIONS
(Bretz)

General Discussion

Leighton (1919, p. 34) first recognized the
scablands as glacial-river courses. Pardee (1922,
k- 686-687) thor~ht the scablands a produ\ct

of glacial jce, identifying the bouldery, un..

sorted deposits as 1ill and glacial drift and
rejecting floating ice and Tunning water ag
agents. Bretz (1923-1932) interpeeted Lot the
erosional features and the deposits as (ke
result of a brief byt ¢normous discharge of
glacial water, termed the Spokane flood, The
streamways were iaterpreted as channe's, not

valleys. The mounded gravel deposits were
called river Lars, although far larger than any
other known river-channel deposits.  Bretg
stressed contemporancity of discharge through
all the channcls, Jenking (1925) approved of
the concepit that the narrow Wallula Gatcway,
where the Columbia crosses the Horse Hzaven
Hills anticline below the plateau scabland,
had served ag 3 bottleneck fur an excessive
quantity of glacial water, the Spokane flond,
that coused Movding Lack up Snake River 1o
Lewiston, Idaho, and even farther,

Duting the nine ycars when Rretz's papers
Were appearing, many voices were faised in
expustulition, some recorded in Prececdings of
the Geolngical Socicty of the Washington
Academy of Sciences (V. 17, no. 8, 1927,
P. 200-211) and in the Journal of Geology
(V. 35, no. s, 1927, p. 461-468). The general
tenor was that this heresy must be gently but
firmly starnped out.

In the well-organized “discussion” following
8 lecture by RBretz before the Geological Society
of Washington in 1927, W. C. Alden suggested
(not printed in the Procecdings above noted)
that the rock basins might be collapsed lava
caves, and said “it scems to me impossible that
«..the Coruilleran jce . . . could, under any prob-
able conditions, have yiclded so much water in
so short a time”, e asked for “repeated flood-
ings of much smaller volume™ and suggested
that contemporanecus devclopment of all paris
Was an errancous interpretation. James Gilluly
said “that the actual floods involved at any
given time were of the order of magnitude of
the peesent Columbia’s or at most a few times
as large scems by no means excluded Ly any
evidence 3s yet presented,™ G. R. Mansficld
said “it does not seem to me to be necessary 1o
assume that all the scabland channels were
occupied by water at the same time. ... The
scablands scem to me better explained as the
effects of persistent ponding and overflow of
marginal glacial water which changed tieir
position or their Places of outlet from time to
time through a somex. hat protracted period."”
To escape t = idea of ¢ontemporaneity, O. E.
Meinzer suggested that “tilting and folding
have occurred . . | since the cutting of the

Y The first five of Brets's papers were then in
pruat.
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PREVIOUS INVESTIGATIONS

Pleistocene channcls” (bringing channc! heads
to the same level) and said that “before a theory
that requires a scemingly impossible quantity
of water is accepted, every cffort should be
made to account for the existing !catures with-
out employing so violent an assumption.”
G. 0. Smith said (not printed in the discus-
sion) that the locssial scarps margining sc.b-
land tructs might be the product of rainwash
and erosion Ly wind rising up over lower
basalt cliffs. Not Irinted in the discussion also
was a suggestion from 1. C. Ferguson that
tiver ice jams may have Causcd some of the

high-level divide crossings in the anastomosis. -

E. T. McKnight, who shared in the discus-
sion, later that year (1927) published elaborated
objections to the flood theory, he and his
sponsors preferring to believe that certain
glacial stream courses entering Columbia River
in western  Franklin County (the Koontz
Coulee group) (Fig. 17, PL 1) are hanging
because that river has widened its valley in
postglacial time, not because the glacial Colum-
bia's surface was at or near the level of the
coulee mouths when they were made. Like
Meinzer's Criticisms, McKnight's had the merit
of being Lased on persunal expericnee; he, as an
undergraduate, having “held the rod" during
the topographic mapping of three 1S-minute
quadrangles on the plateay.

Bretz responded to these suggestions and
criticisms in the printed “discussion” already
noted, also in a reply to McKnight (1927a) and
in & paper (1928¢) devoted to all alternative
hypotheses ever suggested at that tine. Al-
though several contributed idcas were accept-
able modifications of the original Spokane
Flood interpretation, a Pleistocene catastrophic
flooding was insisted on. Until 1930, however,
no plausible source for the enormous quantity
of water demandcd in so short a time had been
found. Bretz later (19301, p. 92) ascribed the
scabland flooding to an abrupt failure of the
ice dam which ponded Clacial Lake Missoula
(Pardee, 1910, p. 376-326). )

Harding (1929), after spending a day with
Bretz during the ficld season of 1928 and learn-
ing that Lake Missoula was to be proposed as
the source of the flood water, rushed that
statement into print, without consultation or
acknowledgment, a few months before Breta's

announcement. Allison (1933) proposed that
the flooding way Caused by a blockade of
floating ice in the Columbia gorge through the
Cascade Mountains, and that this blockade
gradually grew upstrcam  until the normal
meltwater discharge from the Cordilleran ice
sheet was “diverted by the ice of accessory
blockades into a succession of routes across
sccondary drainage divides at increasing altj-
tudes, producing scablands and perched gravel
deposits along the diversion routus. . . . Allison
favorcd a landslide ag the initiating cause of
the Columbia blockade, “with freczing of the
river {or the water-jce mixture) and the con-
finement of the jce in the narrow and somewhat
crooked gorge as contributing causcs.” *“The
formation within the Columbia River gorge of

an ice jam, capable Vo.f,_b\_v!t_hsl.a_nding the pres. "
sure of at least 900, and perhaps 1100, feet of
~— —— N - - -

waler is a herculean requirement byt the field
cﬁdenfgise&n?‘_m’c‘mbably to “demand it "
Ficld study for his theory was limited to areas
south and west of the main scabland.

E. T. Hodge (1934) published a brief paper
on the origin of the Washingten scablands,
listing a long and complicated series of late
Tertiary and Pleistocene events in the region,
involving ice jams during three glaciations, byt
did not support hi, proposed history with field
eviderce.

Flint (1938), studying especially the Cheney-
Palouse tract, denied that glacial-stream water
attained any great volume at any time or
place, asserting that “this discharge down the
Chency Palouse tract was less than that of the
Snake River today."” His thesis was that during
normal discharge of Cordilleran meltwatert
—_—

¢ Flint pylLlished (1937) & revision of the drift
border as shown in Plate | of this paper; he placed it
farther south so that it overlapped scabland at the
bead of the Cheney-Palouse tract. This revision wag
based on two eniteria; (1) smoother slopes and lower
relicl of the northeramost Paloyse hills, and (2)
glacially derived erratic bouiders and patches of till

lower relief and gentler slopes. Moreover U, §,
Production and Marketing Administration’s mo-
33ics 1, S, and 6 for Lincoln County, Washington,
show no contrast in topography or land use between
the two sides of Flnt's minutely lobate glacial
margin across this tract, Ins' ad, & marked belt of
elongated, subparalicl locssial hills south of this
boundary ertends with equal develupment, spacing,

963
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rising ponded water in Pasco basin (Lake
Lewis) at the conflucnce of the Yakima, Snake,
and Columbia rivers (Fig. 17; Pl 1) caused
8 gradual aggradation with silt, sand, and
gravel over the Cheney-Palouse tract and
brought about the divide crossings. Implicit in
his view, although not specificd, were com-
parable deposition and interfluve crossing
throughout the entire scabland. Lowering of
Lake Lewis then allowed the continuing normal
discharge to remove the fill in large part, to
scarp the bordering loessial hills, and to make
the scabland. Various specific aspects of
orageny, ceirogeny, volcanism, and gradation
were explored as causes for the ponding, and
*valid possibilities” were scen in & dam made
by landslides or Ly a Mt. ood valley glacicr.

Allison (1941) found Flint's fil} hypotliesis
out of harmony with the constructional forms
and stratification of the mounded gravel dec-
posits, incorrect in correlating Lake Lewis
with depasition of most of the gravel dejusits
in Snake River canyon, and demanding of the
streams eroding the fill “decidedly abnormal,
il not impossible, behavior' along the Chency-
Palousc tract. He again urged that only the
ice-jam theory could explain the channcled
scabland.

Pardee (1942) found high-eddy deposits, bar-
like forms, giant current ripples, _strongly
marked channcls, and severely scoured salicnts
in some of the valleys occupied by Glacial
Like Missoula in western Montan3. He postu-
lated failure of the lake's ice dam, which caused
& sudden, great lowering. Strong currents are
indicated by unique giant current-ripple marks

and orientation northward for 12 miles into his
glaciated arca. Inspection of the northwestern r-
tion of the Rearden quadrangie map (U. S. Geol.
Survey, 1942) will bear out this criticism. Also manr
glaciated erratic boukicrs have been found along alt
scabland river routes, along the Columbia Leyoud
the scabland, and, indec: , back-floated up the
Willametie valley of western Oregon. Furthérmore,
large berg *“nests” of these Loulders with an accom.

anying matrix of Gl are especially numerous in
r‘as:o Lasin 78 niiles or niore down the Columbia
{rom the southcrnmost known glacial drilt su sitw.
Because of these facts, Flint’s revision dnes not
carry conviction, and the 1928 mapping of the drift
border by Hirctz is followed in P'late 1. In the ab-
sence of any end moraine and of well-marked ground
moraine on the plateau cast of Grand Coulce, pre-
cision in mapping the driflt border for this arca
probably is impossible.
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that attain amplitudes of 50 feet and have
wave lengths of as much as S00 feet. Pardee
said nothing in this paper about disposition
of the 500 cubic miles of water the lake con-
lained, .llowcvcr, it escaped westward around
the north end of the Bitterroot Range into
1daho and thenee could have gone only down
the Spokane Valley toward the heads of the
channeled seabland.

Hobbs (1943; 1947) presented another the-
ory, stating that (1) a lobe of the Cordilleran
ice shect had almost covered the region, (2)
scabland was a product of glacial scouring, (3)
the rock Lasins were glacially plucked, (1) the
locss, generally considered prescabland in age,
was actually deposited by anticyclonic winds
off the ice during retrcat of his lobe, (5) muy-
tilated moraincs recorded at least five stages
of reireat, and (6) the channel complcx was
the product of glacial-border drainage, each
retreatal stage developing new channciways
acruns freshly exposed scabland. Hobls' intes-
pretation of 1943 (unaltered in 1947) was
based on inadcquate field study and is con-
sidered to be invalid. The Pulouse locss occurs
in hundreds of scarp-bounded, island-like tracts
scparating or interrupting the scabland chan-
nels, and these scarps sharply truncate the
oldcr mature topography of such islands, leav-
ing mary of their valleys hanging. Reddened
zones and caliche layers with root casts and
molds are buricd deep within the loess. Hobbs
was the only investigator who interpreted any
land furms of the scablands as moraine relics,
and he made only the bland statement that they
exist in specified places, citing no evidence to
show that they arc glacially built dcposits and
making no comment on how earlier students
could have missed them. He actually described
1 “moraine” in the b_qttgnlm—oT}Te_qf the chan.
nels (Ephrata) for” Grand Coulee water across
the Quiney gravel fitl. Regarding the scquence.
of Lorder drainages, he required his glacial |
rivers successively to abandon open lowes
routes for higher oncs as his lobe retreated, and
he used one route (Providence Coulec) that has
no scallird, glacial river gravel, or erratics and
is far too high for his purpose. Finally he left
some of the best-developed scabland (Drum.
heller, Othelln, Moses Coulce, Lower Crab |
Creck, Palouse-Snake divide, Columbia and
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Snake River valleys) outside the limits of his
lobe.
R. L. Lupber (1944), dealing with the

:l'ouchcl beds—i.e., fine sediments in con-

tiguous parts of Snake, Walla Walla, Yakima,
and Columbia valleys, ascribed Ly Flint and
Allison to deposition in Lake Lewis—briefly
dis¢ussed” the origin of ‘Washington scaliland.
He-fouid "alijictions 10" the interpretations of
Bretz and Flint and accepted Altison's jce-
jam theory,

A reader familiar with Dretz's carlicr publi-
cations will find several revisions of interpreta-
tion in this paper, the most striking one being
abandonment of the term “the Spokane Flood™
and a demand by all three authors for several
scabland floods. Obviously the present paper
cannot be siinply a scrics of assertions and
denials. Field evidence must be presented in
sufficient dctail to allow the reader to judge of
its apprapriatencss and adequacy for accom-
panying inluprclalinns.

Summt‘uy of Original 1 nlerprdatwn:
N 2 e e

(1) The Palouse Incss’ of the basait plateau
is older than the scabland. (Accepted by all
critics and writcrs except Hobbs, who thought it
essentially contemporancous.)

(2) The scabland channel complex has been
made Ly glacial water entering and modilying
preglacial drainage lines on the locss-covered
lvl'mau (Onl) Hnl.:bs has a v-manl mlcrprcla-
tion.) velag :

(3) The scabland rock ba-ins have been made
by glaciofluvial erosion, chicfly by plucking in
the columnar basalt. (llobls has differed,
asserting glacial plucking; Alden has suggested
that they might be collapsed lava caverns )

(4) The downstream-facing cliffs interrupt-

" ing channcl floors are abandoncd cataracts.

(Denied Ly no critic.)

(5) The locssial scarps Bordering scabland
channels are marginal steepenings made by
glacial rivers. (Only G. O Smith has expressed
doubr.)

(6) The scabland gravel deposits are con-
temporancous with the channcling. (Fiint de-
murred, believing the channcls were made
during removal of former complete fluvio-
glacial valley fills. The ecritical items here

concern the ability of Flint's low-gradient
streams of moderate size to detach great
boulders from bedrock, to transport them for
miles, then to remove the fill and to make the
rugzed, channel-bottem scabland topography
associnted  with “residual™ hills of gravel.
Without a contemparancous “Lake Lowis"”, -
whose ntc caused the agrr.nda(mn and .hose "
immediate  sulsis lence causul thc_ erosion,
Flint's they has no |u|,|('1| foundation
Demonstration that the gravel “remnmants”
are stream cut tereaces is fundatiental for lis
theary, and scabland forms bLuricd under gravel
arc unallowablc )

Allison postulated a prescabland gravel-ter-
race system in Lower Snake River canyon,
crosional remmants of which were subfluvially
shaped by the glacial water from the scab-
lands. (I correet, there must be comparable
but unmodified terraces in the canyon up-
stream from entrance of the scabland rivers.
In the terraces modifind by the glacial Snake,
there should be abundant well-worn Sn:ke
River-type pebbles. In unmodified cores of
these doposits cementation and/or weathering
would be accessory evidence.)

(7) The structure, composition, and topo-
graphic expression of these deposits record sub-
fluvial origiu as river b.zs of gizantic size. The
urdrained fosse depressions among aud bekind
these graved hills, the midchannel location of
many, and the numerous huge current-ripple

.maiks conlurming to their shapes arc unde-
“niable evidonce for bar origin. (Denicd by

Flint, Gilluiy, Hodge, and the sponsors of
McKnight. I'lint claimed that they are ter-
raced reminants of once-continuous fills, and
Gilluly called their long foresets evidence for
deltaic orizir; Allison accepted them as sub-
fluvial forms, althaugh his concept cannst
explain the mid-valley location of many.)

(8) The siailar altitude of the upper limit
of giucial water in all scabland channel heads
and the anastomosing pattern indicate approxi-
mately contemporancous functioning at some
time over thie cntire arca. (Strongly questioned
Ly Alden, Gilluly, Hodge, Mansicld and
Meinzez, aceepted by Flint and Allison. Evie
dence for eontemprirancity atl some stage in
scabland history must be cxpected at con-
vergaaers of channcds with separate heads.)
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(%) The many minor divide crossings were
due to a sufficintly great volume of glacial
water to fill pre-cxisting valleys up to overflow
sites. Farlice valley-train deposits may have
been 2 factor in overflow, (Denicd by Alden,
Flint, Gilluly, odge, Mansficld, and Meinzer.
Flint specifically shallowed the preglacial val-
leys with fluvioglacial dcposits caused by dcep
backwater (Lake Lewis) beyond the plateau
until spitlover into adjacent valleys occurred;
this before basalt scabland was made. Allison
used local ice jams to make local impoundings
and spillovers. There apypcars to be no third
reasonable alternative. Evidence for the flood
concept must include demonstration that a
general fill never cxisted and that jce jams left
no dcfinite local records of their actual exist-
ence.)

(10) Ice-rafted stones and water-transported
finer sediments back in 'iral_[c)'s', ‘tributary o
scabland channcls, that”did ot carry glacial:
water discharge were the conscyucnce of backs
flooding becauseof the great volume and depth
in'the lin_in_‘ch:mncls.. (Denied or ignored Ly all
Vit "Allison 'and Flint.)
tributary
“Portland delta”
record the flood waters descending the Colum-

g <.} bia beyond the plateau, crossing the Cascade
e
e

Range and entering a Columbia vallcy estuary.
(Allison, 1933, and Hodge, 1934, denicd the
Portland deposit as a delta; Piper, 1932, denied
the flood origin of tributary mouth deposits

near The Dalles, Allison and Flint believed a -

dam (Qandslide? Mt. Hood glacicr? ice jami?)
blocked the Columbia Gorge across the Cas:
cades.  High-level, berg-rafted, glaciated
boulders have been floated to position in lower
Columbia and Willamette valleys but perhaps
are not all contemporanecous with scabland
making. The dam must remain hypothetical
until definitive evidence for ts location is
found on the walls of the gorge.) .
(12) Only a great flood could have caused
simultancous discharge of the three great
cataracts and one cnormous high-gradient spill-
way out of Quincy basin. (Simultaneity denicd
or ignored by all opponents of the fiond hy-
pothesic, and the f{our accordant initial dis-
charge levels explained by Mecinzer as a
fortuitous leveling up by subsequent earth

LT X !
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movements. The only other alternatives are
that ice jams Llocked thece of the four dis-
chargeways at o time, in & rotating scquence,
or that the basin once had an alluvial fil} on
which the glacial strcam shifted from one
dischageway 1o another.)

{13) Upper Grand Coulee's dry canyon wag
made by cataract reecssion completcly through
a preglacial divide. (Denied by no eritic.)

(14) Water for scabland making came from
the Lunsting of the glacial dam impounding
Lake Missoula in western Montana. (Rejected
by all eacept Pardee who discovered evidence
for torrential emptying of a large part of the
lake. There is little ficld evidence_at or near
the dam site 1o prove a Eatastrophic bursting,
but the lake watcr certainly discharged west.
Ward:™ Acceptafice of evidence” for® scabland
floods “entails aceptance of the strong prob.
ability of a direct cause-and-effect relationship,
(Since this was written, Alden has indicated a
“perhaps™ acceptance. Sce footnote 43.)

(15) The scalilands east of Grand Coulee
were ascribed to a pre-Wisconsin (Spokane)
glaciation and Grand Coulee's completion to
flood discharge during the Wisconsin glaciation.
(Hodge announced three different glaciations
during scabland development, while Flint
claimed that the Spokane drift is Wisconsin
in age.)

Advance Summary of New Evidence and
' Interpretotions

* Changes and elaborations in Brets's earlier
1 interpretations include:

“=-(1) tentative identification of some gravels,
both high-level and buried, as remnants of
prescabland normal outwish;

(2) recognition of a heavy caliche on the

locss and older deposits in part of the region
as the marker for
topography; . ¢ .

(3) discovery of giant current-ripple marks
on bar deposits in nine different channel-ways,
Jdistributed i more than a dozen localities
ranging {rom the northern to the southern,
and from the eastern to the western sides of the
complex;

(4) establishment of the river-bar origin of
the discontinuous mounded gravel deposits in
scabland channels from acrial photographs

loea -

immediately prescabland

v,
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trken by the U. S. Agricultural Adjustment
/ sministratiun, the U. S. Production and
Marketing Administration and i. T. U. Smith,
from the detailed topographic maps of the
U. S. Bureau of Reclamation, and from many
extensive new excavations; :

<2 (5) recognition of the occurrence of several
successive floods, the earliest recorded only in
the Columbia valley, the sccond involving
perhaps the entire arca, later oncs restricted t-
channcls already decpened, and the last one
again limited to the Columbia valley;

-4 (6) recognition that Touchet silts were not
conlemporancous with scabland making. )
N . e S N e bme

T .

LR S P oL,
Gaanp Coutee AND Quincy Basiv

Maps: Grand Coulee (4 sheets), Moses Lake,
Othello, Qui~cy and Winchester queds.,
USGS.; k45220, sheets 1 and 2, US.B.R

(Bretz, Smith, and Nefl)
Grand Coulee

A tandem canyon 50 miles long and more

than 900 feet in maximum depth, Grand
Coulee is the greatest scabland channel. It isa
glacial Columbia River's detour when the
tiver's preglacial course was dammed by a lobe
of ice pushing southward from the capacious
Okanogan Valley (Pl. 1). Strize and moraine
telics near the head of Grand Coulee show that
it had present depth before the last invasion
by the Okanogan lobe. Grand Coulce has been
generally accepted as largely a recessional
cataract gorge (DBretz, 1932), its northern ha'f
eroded across a previously intact divide, its
southern half excavated along the strike of the
stecp limb of an asymmetrical flexure, the
Coulee monocline.

The northern, or Upper, Coulee was initiated
where the glacial stream cascaded some 800 feet
down the steep southeastern slope of the mono-
cline.* When this cascade migrated north of
the fractured and steeply tilted zone iuto hich,
flat-lying basalt, it became a typical recessionsl
cataract (Steamboat Falls) nearly 900 feet

¢ Bureau of Reclamation exploratory drillings
found s gravel-filled plunpe pool at this place whose
bottem is 300 fect Jower than the scabland floor im-
mediately downstream, just south of the flcaure.

high. Eventually its retreat extended the
lengthening gorge across the divide into the
preglacial Colunibia River valley, and thus the
cataract destroyed itself. Scabland records of
the glacial river, made before much recession
had occurred, exist on the rim of the gorge
nearly 1000 fect above the floor. Subsidiary
cataracts along both walls, one of them as wide
as Niagara and threc times as high, tell some-
thing of the breadth of the Grand Coulee
glacial river Lefore cataract recession narrowed
it io a minimum of a mile. (See Bretz, 1932)
These bric! items® wil! indicate the magnitude

- of this scabland river across the Coulcc mono-

cline. Along the lower or southern half of Grand
Coulee the strcam spread widcly, enormously
erlarged three small, preglacial drainageways,
and made a huge new gorge by quarrying out .
the fractured basalt along about 10 miles of
the monacline’s stecp limb. Minor structures
involved in this anastomosing course were four
nearly east-west anticlines (High HiN, Trail
Lake, Pinte Ridge, and Soap Lake) with
separating synclines. Their higher portions
stood above the wide-spreading river, but lower
partis were crossed by floods and greatly eroded
to make five additional canyoned courses
(Jasper, Lenore, Unnamed, Dry, and Long
Lake) over a width, including the muonoclinal
course, of about 15 milcs. The dischatge of all
these entered ihe extensive Quincy structural
and topographic basin, largely covered it with
basaltic gravel, and made four immense simul-
tancously operating seabland dischargeways
(Crater, Pctholes, Frenchman Springs, and
Drumheller) leading to the Columbia valley
west and southwest of Quincy basin.

Trail Lake Asnticline ond Bacon Syncline

One of the most significant tracts of this
Lower Grand Coulee area is the denuded
portion of Trail Lake ar’icline with Bacon
syncline to the south (DI, 2). Over a width of
S miles, the glacial floods swept up the gentle
northwestern anticlinal slope and descended
the steep southcastern slope to enter the pre-
_—

¢ The conclusions regarding Grand Coulee are
based on detaiis set forth in“another publication
(Rretz, 1931}, Not Laving been specifically chal.
lenged by critics, the ficld evidence will not be
repeated here.
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glacially undrained Bacon syncline.! Appar-
ently, this structural basin was still filled with
suprbasalt sedimentary  puck, cupped  with
loess. On a basin floor at about 1650 feey AT,
the first glacial discharge across the anticlinal
crest deposited 100 foet of Lisalt gravel (with

axis, becanse cataracts, One, at the head of the
Unnamed Coulee, had retreated about 4000 fect
when the lasg discharge 1o crms the anticlinal
Crest sulsided. 1t is o splendid example of an
abandoncd waterfal] with three alcove heads
(L 3) whose clifls are 100-150 fcet high, a
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some erratics) just south of the crest, burying
a locss with a ealichified upper zone. The altj-
tude of this high gravel flat proves that there
was, as yet, no deep Lower Grand Coulce and
no Dty or Long Lake (Spring) Coulee outlet
notches in the syncline’s rim,

This scabland gravel deposit in Bacon syn-
clinc was once aalled 2 bar (Hretz, 1932, p. 28),
The lower southern and weslern parts are
mounded bars (Fig. J), but the high flat-topped
portion is only a remnant of 8 larger deposit
(Pis. 2, 3), perhaps an outwash plain; jts
present barlike outline was the result of erosion
by later glacial discharge across the Trail Lake
anticline when Dry and Long Lake coulces
were being notched into the tim of the Bacon
syncline. Nefl reports small remnants of gravel
on the north slope of Pinto Ridge (the southern
side of the syncline), at about the same altitude,

Decpening of these notches is considered to
have caused eventual :emoval of most of this
gravel and the underlying sedimentary mate-
rial in the structural basin from the steep
southern basaltic limb of the anticline. Three
or four cascades began to concentrate the shect
of glacial water, and these, receding north of the

? Discovery of two feldspar-Learing flows in the
Cotumbia River Lasalt of castern Washington (W,
H. Jrwin, unpublished manuscript) has made pus-
sible & detaild structural mapping Ly the Burcay
of Reclamation for the Columbia Hasin P'roject.
The Burcau’s map shiows that the ujiper feldspar
flow in Racon syncline is 1375 feet A.T. in the contra)
part and 1700-1775 in the castern and western low
saddles. Their 2-foot interva) contour map shows
breaching anly by glacial-river channels cut inte
these saddies.

Calaract supplicd only by a sheet of water flow-
ing diagonally updip across the unchanneled,
gentle northern slope of Trail Lake anticline.¢

Bacon synclinal basin apparently carries g
record of four episodes of glacial-water dis.
charge in distributary fashion out of Upper
Grand Coulee across Trail Lake anticline: the
first reenrded by the high gravel flat, the second
and third Ly the two broad bars just to the
southwest which lic 50-200 feet lower, while
the fourth completed the Unnamed Coulee
Gtaract’s recessional gorge immediately west
of the scarp of the lowest bar and 150-200 feet
still lower. All three scarps in this gravel-cov-
ered tract are erosional, but only the highest
€an be considered a terrace sarmp,

Bacon syndline’s bottom scabland at the
southwestern outlet hangs between 100 and
130 fect above the floor of Lenore Canyon-Dry
Coulce with no suggestion of cataract develop-
ment at the junction. This seems to record
decpening of the canyon-coulec after the last
flooding of Bacon syncline. If so, the great Dey
Falls cataract group (400 feet high) at the
head of Lower Crand Coulee (Bretz, 1932) is
younger than the Unnamed Coulce CAtaract,
and a filth episode of discharge down Grand
Coulce is indicated.

It may be that Lenore Canyon never carried
_——

* Another, at the head of LonEhke Coulee, is

closely paralicled by the Main Canal, Despite o
tunned alout 9000 (:et long through the anticlinal

crest, the canal water, after emerging, drops 16S
fect in half & mile 1o Pass the site of the ancient
cataract.
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\DLAND OF WASHINGTON

& lecame cataracts, One.

at the hea of the

GRAND COULEE AND QuiNCY LASIN

8 through stream Irom lower Grand Coulee

to Dry Coulce; that floods across the favaged

country north of (he €anyon were divided by

portion of Jligh Hill, part

wer Grand Coulee, pary ¢,

- Supporting this idea is the

natrowness and lack of Lars ijn mid-length of

the canyun, and the alience of o continuous
gradicnt,

Soap Lake

The Soap Lake anticline, southernmost sub.
sidiary spur trendine eastward from the Coulee

, several
miles of (his preglacial strcamway can be
identificd farther north, east of the great mono-
clinal axjs (Brctz,

Reclamation found r
the lake surface, wi

Gravel deposits of the Quincy tasin consti-
tute the notched southern rimr of the basin
$-250 feet above the present” lake surface
(Figs. 4, 5), Thus rock bottom in the mouth of
Grand Coulee is 290 fect below the lowest
gravel surface 2 milcs to the south, Were the
rim festored, and the fi under the lake re-
moved, there would be a hole in the glacial
tiver channgl 340165 feet deep.?
The mouth of Lower Grand Coulee, :qere.
fore, has discharged 2 prodigious strram out on
land of Q ¢y basin (Fig. ;). Because
tributary Long Lake and Dry coulees prolably
once functioned at the same time, and their
combined widihs near the moytls are about
13§ miles, any estimate of the magnitude of

! Silts containin freshowater shells along Lat-.
Lenore and Scap fakc Tecord a postglacia) humid
climate when the Soap Lake depresiion held 4 Mmuch

i erflow down Rocky Tapg Channel,
northuard almosy
lec. The ciosed de.

pression containing Saap Lake thus includes all (he
other lakes for 25 miles 1o the north, Present ingl.
tration of irrigation water is raising the level of
iess checked by incrcased €L i0-

ded surface and by i:‘lr;cepuan

Sc2p Jake ang re-

et Grand Coulee,

Quincy Bosin

At least 500 $quare miles of this large, strue.
tural depression are covered with graye) and
sand brought in chiefly by Grand Coulce and
Upper Cral, C:eek glacial tivers (1], 1). The
maximum Lnown thickness is 328 fect. The
gravel, Ike thay elsewhere in this Washingtor

streams, is but little weath.
in but few places ig "
cemented. | tis ch_aluterig_i_ga_llu:h;_is_hil_a_c_lg,

about ag "l_mgﬁlf_u.h)sall.aggrcals_!rom_. S
crusher. This is true for the oldest sravel as well - -

a3 for the Youngest. Except in one place, the
amount of wcathering since deposition cannot
ative age. Freshness of
rivation from below the
2one of preglaciz) weatkering, estimated by
Neff 10 average 25 fect in he irrigalion-project
area. Stained ang ttially iudurated clays
a_nd\sa'_nds cor&ining si;;!.{s, bonnmzooa
P28t in places along ihe P380's_marging
(Schwennesen and Mcinzer, 1918). These are
older llx:ap_l'l'_w__s_cz_l!lan‘d_gr_a_vcl_. Above the level
reached Ly glacial“slrcams; near \\_’irlcilcs_(g{
and Cuincy’ and “south to i"rgn_c}lm:m\l_ﬁll_sA
these older s?c!i:‘nc'ﬂ'li-ca.r-_ry_n caliche as much 2y
13 fect thick. Iq many .__ t
scabland a 'simﬂir—c'a'lich?ii_\}é_'r_ri-ts‘lq?g: Ellens." ¥
burg,™ Rinzild Columbia River basalt, and
c.c.nmc-dﬁa'm‘\ﬂs.—'sab‘h'ﬁd sand and
gravel d'i';—&mﬁ.ml‘y contain fragments of
caliche bt nowhere possess a caliche cap

mosity, A heavy caliche is believed to dis.

incipicntly -,
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tinguish the prescabland surface over much of
the region.

Although the surface of the Quincy basin’s
scabland zravel deposit has an east-west cross-
sectional relief of nearly 200 feet, owing mostly

BRETZ ET AL~—~CHANNELED SCABLAND OF WASHINGTON

easterly slope of the gravel plain, the Jowest of
which, Rocky Ford, contains Moses Lake in
its southern part. Its decpest part is sinuous
like a river channdl, but its broad higher fioor
is a compler of anastomosing smaller channels.

Ficunz 4.—~Max Portiox or Qcincy Basmw
Showing the three channels lc:dir:j from Soap Lake across the gravel fill and the A-shaped heads of

minor channcls. From U, §. Nurcay
fcet,

\

to later channeling, all parts south of the
notched rim of Soap Lake basin have a fairly
vniform, gradual, southeasterly slope down
toward Drumheller Channels, the largest and
decpest of the four glacial spillways out of
Quincy basin. The basin fill has no slape toward
the three western cataracts.

Three definite channcls traverse this south-

Rectamation topographic map R4-5720, sheet 1. Contour interval

A barchan-dune belt has dammed the deeper
entral part of this channel and made the lake.
This ponding has brought out a peculiarity
possessed also by Ephrata channel, the highest
of the three—the existence of tributary channels
(Parker, Lewis, and Pelican horas or bays)
which head on the gravel plain south of the
rim of Soap Lake basin. Jf Moses Lake level
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he =~ xvel plain, the lowest of
t 1taing Moses Lake in
. Jts deepest part is sinuous
wel, but its broad higher floor
\astomosing smaller channels.
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! fll.and the A-shaped beads of
-3120, sheet 1, Contour interval

¢ belt hag dammed the deeper
43 channel and made the lake.
L Lrought oyt o peculiarity
*Ephrata channel, the highest
cxistence of tributary channels
37d Pelican horns or bays)
‘he gravel plain south of the
€Y. If Moses Lake level
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(1044 feet A.T)) were raised to 1100 or 1150
fect AT, these horns would lengthen north-

ward, and more horns would appear, as shown '

in Figure 4. None of them, however, would
reach across the Soap Lake rim. At 1150 fect,
one would reach up Fplirata channel, and, if
flooded 10 1200 feet, that channel would also
have tributary horns,

If only those hairpin contour loops indicat-
ing southward-sloping surfaces are drawn, from
the Bureau’s topographic map R4-5720 (as as
in Fig. 4), the entire gravel fill traversed by
the three channels is secn to possess this char-
Acteristic. Flongated and subparallel closed
basins in them are common. \WVhether the
grooves are separated by constructional forms,
or erosion under shects of water across the
entire plain has made them, or both processes
have operated, these norlh\\-ard-upcring chan-
ncls or grooves cannot be explained as post.
grave! disscction by local runoff. They must
have been made under glacial water flowing
southeastward across the basin.

Figure 4 could have been drawn with about
half ag many similarly oricnted As selected to
show the very reverse topography, that of
Prows pointing northwestward. The combina-
tion of prows and Erooves appears to make a
good case for erosional origin under a wide.
spread glacial torrent, thercby requiring a pre-
existing unaccented gravel plain. Byt structure
cannot be ignored in interpreting the origin of
these forms. An unparalleled opportunity to
study structure was afforded by the 175 milcs
of canal excavation completed in 1952 and
the many large gravel pits made in develop-
ment of the Columbia Basin Project.

. Boulders, mostly basalt, are embarassingly
abundant in some pits, requiring excavators to

- discard a large portion of the gravel, and are

very obvious in spoil  hcaps along canals.
Columnar outlines are common, the greenish
Patina of a preglacial weathering rind surviving
in large part on plane or concave sides, and
fresh basalt showing chicfly on bruised and
batter~| projecting cdpes. Most of themn are
distributed sporadically in cobble or pebble
gravel, its constituents usually not much worn
but without weathered surfaces. Many boulders
may have been carried by floating ice, but the
boulder-laden Iee of scabland knobs and buttes

in the basig indicate the opcration of some
agency capable of tearing boulders loose. One
large gravl pit (Sec. 17, T.2 N, R. 29 E)-

-shows twg scabland knobs at the bottom. ‘The

the gravel j5 known along the two decper
channels, the older sediments are lacking, and
the gravel reqy directly on unweathered scab.
land basalt.

The commaon fore-set bedding of the basaltic
gravel, containing erratic material and caliche
fragments, is not ordinary current fore selting
in horizontal courses of limited thicknesses;
it is more ke delraic fore-set structure extend-
ing through the entire exposure and depozited
at the angle of stability, Only the higher, flatter
tracts commonly have nearly horizontal bed-
ding. The long fore-sets are found in excava.
tioens on steep slopes where they dip either in
conformity with those slopes or at some angle
between the slope direction and south. (Fx-
amples: the \Villow Lake r03d cut approxi-
mately in coc. 6, T.2IN,R. 28 E., the Larson
Air Field pit in sec. 31, T.20 N, R. 28 E,
the Columbia Sand and Grave! Co's pit in sec.
5, T.19N,, R. 28 E., a pit a mile north of
Moses Lake 160 in sec. 11, T. 19 N, R.28 E.
and the huge pit in the south edge of scctions |
and 2, T. 17 N,R.28E)

The Quincy basin gravel deposits are ter-
raced only along the decper portions of the
Rocky Ford channel, and only the creek and
lake indicate A mecander patiern in any part
of any channel. Tke notch of Rocky Ford
channcl in the Soap Lake gravel rim is 110 fect
loveer than thas for Ephrata channel and 50 fect
lower than the col at the hiead of Willow Springs
channel. A post-flood glacial Grand Coulce
tiver (a dctoured Columbia) and/or discharge
of a post-glacial Izke in Lower Crand Coule:
may well kave been responsible for the only
normal stream-valley patiern in all of Quincy
basin’s or, indeed, any other scabland gravel
deposits. :

The highe: battom portions of Rocky Ford,
decpest ard widest ¢of the three channels, pos.
sess the samie aberrang pattern of anastomosing
minor chanr.ls, A-shaped heads of channel
grooves, aturdunce of elongated closed basing

—— ———— ey —
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VN

Closed basins in black with number of hachured contours indicated by circled figures. Map shows: 1-—constriction, partial closu

and deflecticn of Rocky Coulee by bar (with recurved fingers) at ent
past Moses Lake town, 3—drowned stream channel containing
made anastomosing pattern of channel-like grooves u}p to 1CO feet above the lake,
channel rising ta the higher gravel plain containing -pheata channel,

Part of U.'S. Bureau of Reclamation tepographic map R4-5720, sheet 1. Contour interval 10 feet.

the lake, 4—dune belt which dams the channel, S—A4laped
6—scarp on west side of Rocky Ford-Moses Lake

rance to Quincy basin, 2—continuation of the bar southwa

, flood-
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in those grooves, and boulder-strewn areas
that Quincy basin has over most of its higher
surfaces (Fig. 6).

Even if the three channels across Quincy
basin are sequential, as is sugpested by their
diflering altitudes, the channeling must have
started with all three, unless we use an im-
plausible, unrecorded rotating sequence of ice
dams. They were made under a flood of ade-
quate volunie to spread initially over the entire
gravel susface, a flood: well recorded in the
horns of Ephrata channel. But this western
channel was too far offside to be deepened as
much as the other two, henze was not occupied
by later floods that used and deepencd Rocky
Ford and Willow Springs chanucls. Because

Willow Springs channel enters Rocky Ford at.

accordant grade, constituting the depressions
for the horns of Moses Lake, these two channels
must have functioned coniemporancously to the
end of the glacial flooding, evin though the col
of the head of Willow Springs is 50 fcet higher
than that of Rocky Ford. The need for large
volume is again obvious unless we can believe
that unrecorded ice jams in proper sequence
determined the succession.

Two major points remain to be cleared up:
the genetic conditions for the gravel ...l into

which the three channels were trenched, and the
reason {as this trenching across 3 tract of earlier
glacial-river depasition,

West of Ephrata channel, & 10-mile width of
unchanneled plain, underlain by basaltic sand
and grar.ule gravel only, lics 25-7S feet higher
than the Ephrata channel head. It may be a
remnant of preflood outwash once filling almost
the entite width of Quincy basin. But east of
Fphrata channel, no remnants of such a plain
survive frum the first episode of trenching. The
two updand tracts separating the three channels
differ in altitude by 60 fect. Both have the
A-shaped groove heads on their southern
slopes, undrained depressions on their summits,
and long gentle slopes except where later
trenching has encroached on them. The western
upland has a subsidiary summit 70 feet fower -
and more strikingly streamlined. The writers
€an explain these broad hills only as having
been subfiuvially molded and in no way owing
their forms to subaerial erosion. But uncer-
tainty remains as to what extent they were
actually built up where they stand.

The reason for the trenching in Quincy
basin’s glacial river deposits by later rivers of
the same character is found in the soutlieastern
outlet to the basin, Drumheller Channels, and
is trcated in the following section.

Pratr 3.—-UNNAMED COULEE AND ASSOCIATED GRAVEL DEPOSITS

Fiouse 1.—Vertical aerial pboto showing gravel de
eastern slope of Trail Lake aaticline can be traced diagonal

photo, Irom the lower left, by means

of the northwest-facing clifls. The A-shaped smill scabland hilis in niidlength of the coulee are also eroded
portions of southeast-dipping basalt Bows. The high gravel remnaczt s scarped on all sides, the eastern and
highest searp having been cut through the gravel and the underlying luess whose caliche cap is shown by the
white line along the scarp. Two successively younger gravel dencsits, with convex tops, lying southwest of
the high gravel Femnant, are bars, left by lucer floods, each becomiag scarped as the outlets to Dacon sya.

clinal valley were deepened. The catarace alcoves all be
from the last flood. Compare with Plate 2. Photogray
Fiouxe 2.—Oulique aerial photograph, showing

ad in the same flat-lying fow and presumably date
hs AAK. 9A.9 and 11, Apr. Adj. Adm.
unchannelcd scabland leading to the northernmogt

cataract alcoves. Shadows fall to the right. Looking northezst. Proto by H. T. U. Smith.

Produced) and from dexcriptions of the fire

. Scaled on the photograrh, these giant current ripple marks bave
wave lengths of about 250 feet, A considerable part of the glacial stream here was a Cheney-Palouse dis.

tributary,

Ficuaz 2.—Chaunel floor south of Warden cataracts. When tkese ripple marks were made, Drumhelter

carried a glacial river 9 miles wide, Phboto Ly Ag. Adj. Adm. AAH 4A.S0
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DrusneLLer CuannrLs

Mops: Corfu ond Oikelle quads., USGS.;
R4-5720, skeet 2, U S.B.R.

(Bretz, Smith, and Nef)

This tract of scabland (1. 7; PI. 10, fig. 1),
the deepest dischargewsy out of Quincy basin,
is an almost unbelievable labyrinth of rock-
walled canyons, basins, and buttes about 9
miles wide and 12 miles long, eroded as much as
300 fect decp in the folded basalt of the Lind
flexure and the Frenchman Hills anticline. Its
magnitude and complexity cannot be explained
without the concept of enormous discharge
across it fr a Quincy basin, but its history is
more complicated than has ever been outlined.
It appexrs to record at ieast three times of
channeling in bedrock unprecedented except in

7\\'ashinglon scabland.

A Folded with the basalt_ flows of the French-
Q\\,mln Hills anticline was an overlying, weak,

sedimentary f{ormation. Portions of it have
survived all Tater crosion and crop out low on
the anticlinal flanks. Subscquent to deforma:

tion and much subaerial erosion came deposi-
tion of later Ringold scdiments, still flat lying.10

——— e - e

1¢ Nefl considers Low Gap (alt, 1510 feet A.T.)
~-. jn Frenchman Hills anticline (sec, 13, T.IT N, R,
.= *{J4 E., Beverly quadrangle) to be a wind g2p record-

ing drainage out of 2 . early Quincy basin. This view
requires two post-Ellensburg upliits separated by a
long interval of er~sion during which the early fold
was reduced to a 1. aturc topography. The interpre-

1t now appears certain that the site of Drum- 2
heller channels carried such a cover when the
fir,t_glacial-river_discharge out of the closed
Quincy basin occurred and that the earlier
channels were superimposed from that cover.¥
Both cast and we:t margins of the channeled
tract are sc71ps in sedimentary rock, in place
more than 100 fee* hizh. One surviving hill of
this rock, 50 fect Ligh and similarly scarped,
stands about 2 milcs out in the comy.lex. In
the 12 miles of Deumbieller's length, bases of
these scatps descend from 1300 to 950 fcet
AT, on the cast side and ta about 500 fect
A.T. on the west side. Although water may
have lappcd up somewha: on these scarps,
the much greater weakness of the sedimentary
rock than that of the underlying basalt indi-
cates that scarps were undoubtedly eroded
back and channels correspondingly widened
until the contact of the two formations w.s
essentially at the edge of the tor:ent. By t; -
assumption, the surface gradient of water

.tation is based largely on the existence of 138 feet

of sand, clay, and calict.e in the floor of the gap. Its
basalt floor is abuut 175 fect abave the surface of the
Quincy basin (il a .l directly north, and approvi-
mately 375 feet Lelow the Hills summit a mile to the
west. The lack of stream gravel in the gan is taken
to record an interval of subsidence and sedimenta- -
tion following the erosion but preceding the second
uplift which made the closed basin the glacia! foods
found. By this view, the scd.ments in the gap are
early Ringold. Culver (1937} though: that some
“Ringold'’ was !der than the {s!ding of Frenchman -
Hills,

Y Suggested by ]. P. Buwalda but, in error, re-
jected by Diretz (1928¢, p. 218).

Purtz S.—BARS IN UPPER CRAB CREEK VALLEY

Fiouze 1.—Wilson Creck valley Goor & mile above junction with Crab Creek. Looking southwest. Grain
field crossed by road may be identificd in Figure 1 of Plate 9. Photo Ly 1{. T. U. Smitk.

Ficuaz 2.—Bar No. 1, looking southwa-d. Vegetation pattern outlines the current-ripple marks. Fosse,
with cultivated ficld, lies betwcen bar top and forcground scabland. Another cultivates tract, in lower left, is
in the blocked mouth of a prescabland gulch marked VB in Plate 6. Bar without a number on Plate 6 lies in
angle between Wilson Creck and Crab Creck, and its Nlood-eroded, 150-foct 323:p {aces cbserver. Not visible
in photograph are giant current-ripple marks on summit of*this bar. Photo by H. T. U. Smith.,

Pure 6.—BARS IN UPPER CRAB CRrER VALLLY

Bar No. 2 depends from scabland at upstream end, tapers out in midvaliey. Undrained fosse on south
side is nearly as wide as creek-occupied valley bottom beyond the bar. Urnrecogr.zed until seen from the
sir arc the giant current-ripple marks on this bar. Photos by IL T. U. Smith.

Ficuxe 1.—Looking narthwest
Ficuar, 2.— Looking west
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escaping down the sou.liern slope of the anti-
cline - :ached the surprising figure of 30-50 fect
per mile. Yet the volume of :he first discharge.
which removed the overlying sediments, was
sullicient 10 demand a width of 9 miles between
buunding scarps. Drumbeller at this earliest
stage was an extraordinarily wide cu.cade over
«he cdges of the tilted basalt flows.

Some Lasalt also was eroded during this
first cpisude. There are two abandoncd cata-
racty and rccessiunal gurges in the castern part
of the group, 34 miles suuthwest of Warden
(Othclio quadrangle), one on cither side of the
1solated hill of scdimentary rock. One catatact
brink is 1270 fcet A.T., the other, 1230. Fach
is about 50 fect high. The western onc has lost
its western portion because of subsequent
decpening to make rock bLasins 200 fcut lower
in the basalt. At comparable altitude and with
similar height is part of such a cataract at the
scarp base on the west side of the cumpler, its
castern portion destroyed by later dhanneling.
With a very minor channe! just cast of Warden,
thcy are the only records of the fint glacial
stream crosion in basalt at Drunilidicr Chan-

- nels. (Fig. 7; "L 7))

A siguificant item in unc.:standing the
mechanics of scabland cataract retreat in the
vertically jointed basalt flows is the existence
of a dike with irregular but nearly horizontal
columus holding up the castern Warden cata-
ract lip. Plucking was not favored here, retreat
stupjnd at the dike, and no horseshoe outline
of the lip developed. Drumbhelier's great decpen-
ing occurred we st of this dike.

The 300 fect of deepening since these Warden
cataracts operated is assigned to the same later
cpisudes that saw Bacon syncline notched afier
its high gravel was deposited, and Quincy
basin's early gravel dcposit channcled. This
later decpening at Drumheller caused the re-
v- sal of beha-ior of glacial water travening
(uincy basin. The Warden cataracts are relics
of an carly scabland floor in Drumhcller, prob-
ably correli*"ve with the highest gravel in the
Soap lake rim. Scquence in channels is well
shown in sections 10and 13, T. 10N, R. 29E,,
v here the channel Uclow the Warden cataract
is cut off Ly, and hangs 100 fect above, a later
and decper channcling. The floor of the hang--

V.rsalt, The three deep

Costornmgrt
thennel

eottern goterget

Cheerl obeve

sastevn catereet

eously. No preglacial drainage course across the anticline couk! have beeo

Rees dasiag
rped, and the Waiden catiract channel floors have been cut but little into

c
"
=
]
E
‘o
&
-
a
E
.
4
b
z
£

<
£
‘A
a
2
-
4
2
o
3
2
L
3
Rl
€
H
-
“
bt
v
o
")
[
Q
c
“
e
z
2

Ficore 7.—. oriLes across DrosairLirx CHANNELS. : )
£ course across the head of Drumheller Channels, between \Warden and the nos of Frenchmaa }Mills anticline.
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ing channel shows giant current-ripple marky
(PL. 4, fig. 2).
A dam (O'Sullivan) 33§ miles long, con-

fore it was submerg. ! ynder this reservoir.
The pitis in the flat nbove the castern scarp
of the unitcd Rocky Fird ang Willow Springs
channels, a scarp subsequently eyt into by
local drainage from Lind Coulee.

The gravel is mostly of well-worn pehlles byt
contains coblles ang boulders up to 2¢ feet
in diameter, some sporadically dislribu(cd,

constituents, The
throughout the 40-foot section is that of 5

. delta, with long unintcrruplcd, south-dipping

fore-scts apped by a fow feet of top-sets. Ali.
tude of the flag is Approximatcly 1085 fect,
100 feet above the near-by lowest channel
Loors leading 1o Drumbiclier, ¢ scarp is ag
clearly crosionaj here as it s in the latitude of
Moses Late. The deita deposit therefure is the
southerrn.most portion of that upper flat and
antedates latest yse of both the Rocky Ford
and Willow Springs channels in gravel -ng
erosion of the deep~st of the Drumheller
Channels in basalt. The 1070 contact of tp-
sets on  fure-sets fecords the approximate
bottom at the time of deposition, It was about
200 fect lower than the initjal discharge over
Warden cataracts. This 200 feet of crosion
could have occurred during the first discharge
southward oyt of Quincy basin, but more prob.
ably the delty js a later overlay (say, at Fphrata
chunnel time) on (he southern porgiog of
Quincy Lasin's earlicst and highest gravel, with '
the contact a5 yet unrecognized.

Whatever jig age, there was a bagin here to

128 feet. Thys the decper, Iyt channeling in
Drumhcllcr, contemporancoys with Rocky
Ford ang Willow Springs late channcling,
amounted to more than 100 feet.

Attempis 1o establish a profile northward
from the Warden Cataracts to the highest grave!

A correlation, however, seems logical, and, it
correct, it appears that o large proportion of the
scabland gravel g was made during the first
flood down Grand Coulce, Cral, Creck, and
other glacial tributarics to the basin,

If this be correct, then either the spectacular
erosion in Grang Coulee was consuminated
early, or greay quantities of basaltic debieis
Wwent across and gy of Quincy basin during
later floods, That the second slternative g
correct s strongly suzgested by the amazing
number of enormous granitie boulders along
the Rocky Forgd and Willow Springs channels,
some of them 10, 15, even 20 feet in diameter,
The granite, far joss conspicuous in the higher,
older pravel and i the carlier abandoned
Ephrata channcl, presumably  came down
Grand Coulre after its great upper cataract
had retrcared Fast Steamboat Rock and un.

covered the sub-basay ganite hill tops pow

%0 conspicuous in the kesd of the great coulee

(Bretz, 1932, Figs. 33-37.

Urrer Cras Creex
Maps: R4-5220, shees Iand G.5823, USB.R
(Brete, Smith, and Nefh
Genera! Statemens

Several glacial rivers entered Quincy basin
from the casg (PL 1), The largest was Upper
Crab, Creck, leading $outhwestward across the
northern divide from the preglacial Spukar,e
and Columbia valleys. Smaller but highly sig-
nificant oncs were Rocky, nowcrs-\\'cber, and
Lind coulees, distributaries from the large
Chcnch’alouse tract.

Crab Creck carricd the discharge of seven
glacial rivers frcm the northeast and five
spill-over distributarics from the Cheney-Pa.
louse tracy. Althoush it already had 5 valley
deep in basalt, at se™e time Crab Creck had
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two broad, uncanyoned, spillover distributaries
across the upland south of it and leading to

spilled across nterfluve tracrs, Later temoval
of most uf sucl, £} has largely Festored capacity
of the original valleys. Upper Crab Creck
valley contains great gravel deposits which, by
that theory, are but terraced remnants of such

Plate 8isa 2-foot interval contour map of 12
sections in T. 22 N, R. 29 E.,, made by the

scemed called for, By this extraordinarily
revealing map and the accompanying aeria)
photographs should make clear the impossi.
bility of defending any alternative,

Bar No. 1, directly north of the town of
Wilson Creck, has a broad summit 120 fect

feet high and 230 feet apart (py. $, fig. 2). The
upstream (eastward) slopes of the low ridges
are between 7* and 9°, the downstream slopes
are 19°-22°. No excavations exise. Only ne.
dium-sized pebbles lie on the surface. Aerial
photographs show the pattern of these asym.
metrical undylations to be that of current
fipples, weakest at the «nds farthest from the

basalt were blocked by the bar's growth, and
subsequent drainage has ¢yt much narrower
favines across the gravel blockade.

Bar No. 2 (Pls. 6, 8) lies along the sout) side
of the creck valley opposite the western end

of Ba. No. g, It can be well seen from State
Highway 7. 14 extends wostward from the
scabland ledge carrying the highway, lying
almosy wholly out on the valley floor. The fosse

tween it and the ledge covers about 40 acres
and wag 5 closcd depression 10-14 fect deep
before the railroad grading.

A gravel pit low on the north slope of the
bar shows uninterrupted deltalike fore.gety
dipping diagonally down the slope and down
valley. Anothes Pit, at the extreme cast cnd,
close 1o the Lage of the basalt cliff from which
the deposit depends, shows an anticline.like
Structure of stecp, long fore.sets for the full
height of this end of the bar, Highly angula,
basalt boulders up to 8 fect in diameter lie
almost wlere they fell from the downstream.
facing ¢Iiff into the growing gravel deposie,
This bar summit is more than 60 feet above the
fosse on the 5 ‘uth and nearly 80 fecy above the
flat valley bottom on the north. The down.
stream tapering end is o Quarter of a mile oyt
in the valley from the hearest scabland wa),

Bar Nc. 3 (PL. 8), also on the south side of
the valley, shares with No. 2 in enclosing the
fosse Lack of and between them, and riscs 94
feet above yyq depression in a quarter of a
mile. It is made irregular Ly a scabland shoulder
which projects northward into it and riscs
above it a5 5 knob of bare rock. Just beyond
that is a smaj; fosse in the bar summit. Thence
the bar tapers down to valley bottom with
another fosse, a5 eighth of a mile wide, between
it and the scabland of the valley's south side.

A large shallsy Pit on the bar summiq shows
No structure byt reveals many large, angular
basalt Leulders, 5-6 feet in diameter, and one
6-foot granite boulder. The remainder of the
deposit js composed of pebble and small.
collle gravel, fa:cly well worn, with almost no
sand or granyle gravel. The nearest upstream

Stoss end of the bar to the summit, nearly 100
feet higher. It be an erosional remnant, and a
stream bed such as Fling has postulased once
existed for them 10 travel on from the scab-

land knobs, boulders S and 6 feet in diameter
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moved more than half a mile on no gradient
at all. Transportation by floating ice must be
invoked unless the glacial river had o velocity
competent to move them either oa a level or
even upgrade.

The valley bottom between Bars No. 3 and
No. 4 (P1. 8) is redured 1o only a third or a
fourth of its average width in this township.
This nariows, confined only by gravel, is in-
explicable by the fill-and-dissection theory.
Fven the empty fosse south of the west cad of
Bar No. 3 iy ncatly twice as wide as the nar-
fows occupicd Ly the creck. The outline of the
prescabland valley iy readily recognized from
Plate 8, and 1he harrows immediately becomes
understandable if Bar No. ¥s distal taper
grew downstream from an anchorage on the
scabland shoulder in its mid-length. Cross-
sectional room for the central bottom current of
the glacial river was provided on the proximal
end of Dar No. 4 where, over about 40 acres,
the deposit grew only 20 fect above the valley
bottom. A third of 5 mile farther down valley,
the summit of Bar No. 4 is nearly 100 feet
above valley bottom on either side. Length of
the gravel hill and accompanying fosse is 2
miles. The streamless {osse to the north js
nearly twice as wide as the creek-occupied part
of the valley floor. Bar No. 4 lics in mid-valley,
does not make coniact with either side except
at the very head.

This bar is defended by a splendid example
of “trenched spur buttes” (Bretz, 1928), p. 472,
Fig. 23) where the Up of a preglacial divide
betwecn the main vallcy and a tributary from
the nerth could not be tolerated by the glacial

river and was plucked and notched by bottom .

currents into a lincar group of rapgzed scabland
buttes. The Great Northern Railroad traverses
the length of the fosse and crosses this divide
tip by one of the notches (PL. 8) Only simul.
laneous functioning of all the n. tches could
have produced or maintained the width of the
fosse at its eastern end.

These streambined bars assuredly arenot
terraces with outlines softencd by subscquent
slope wash. Their shapes and their fosse de-
pressions cannot be due to Icisurely erosion by
late-glacial or postglacial sireams. Py may
they rot be remnants of a former valley fill
which bicame gouged into the present topog-

Taphy beneath & flood or floods of the character
read from Grangd Coulee, Quincy basin, and
Drumhclier Channels? May not the bar furing
be erosional instead of depositionsl? The com-
position and Structure and the existence of
fossae seem to debas that interpretation also,

These features do not fit Allison’s ice-jam
theory whereby properly located blockades in
the glacial river laterally detoured the escap-
ing water around the edges of the dams o
make the scabland walls and to erode and re.
build rannants of an older, high level gravel
ity bar forns. Allison's idea would Letter
explain these features of Upper Crab Creek if
his ice jam wore placed somewhere upttream,
and the altesations jor whick it was respansible
were ascribed to & flooding downstream when
the dam finally gave way. Judged by his inter-
pretztion of trenched spur buttes in Snake
River canyon, he would make those of this
tract either abandoned preglacial courses of
Crab Creck or ice-jam “run-arounds.”

But these Crab Creek bars are not high
enough on the valley slopes for Allison's theory.
They are not perched, their bases are essentially
on the valley battom, 100-200 feet lower than
the Lettams of most of the notches. They do
not contain any old gravel materials and are
tmb:nassingly in the w2y wherever one may
wish to place an ice jam. The features near
Wilsen Crerk cannot be thus explained.

Comparison with Yakima Valley Gravel Deposits

A comparison of the topography, composi.
tion, ard stru~ture of these scabland gravel
deposits vy, remnants of an extensive, deep
grave! £l in Yakima Valley near Ellensburg
are illurinating, Drainage areas of Yakima
River above Ellensburg and of Upper Crab
Creck are approximatcly the same. The Yakima
Valley depasit is definitely older than Crab
Creck gravels, byt bath, cansidered as once.
centinuous valley fills, have been subjected 10
erosion by glacial and postzlacial water.

The Yakima gravel is terraced in two very
cfinite levels. The lower terrace has as flat a
surface as the modern flood plzin. Erosion by
local runoff is essentially nil, and the terrace is
westing away only fram latcral attack by the
tiver. This is the identical procedure of the
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6N-and-cut theory. The uppcr terrace has a
dissccted margin of miature slopes Lut, back
from the valleyward edge, is almost as flat as
the younger terrace. There are no residual hills
isolated un the upper terrace, and only one was
scen on the lower. It stands so near the break
between the two terraces and has such guatle
siopes that it cleaely is but an outlicr of the
upper flat.

Many highway cuts show ths gravel of both
terraces to be well sorted and well worn, far
more so than most scabland gravel. There are
some included sand lenses and strata of small
boulders. Sorting and  wear resemble  that
typical of sculland gravel only near Lasalt clifls
along the narrower part of Yakima Valley
above Ellensburg. Here the gravel may be
rather rublly and contain large, angular
boulders, olLviously fallen from these cliffs
during the aggradation. Stratification is hori-
zontal almost everywhare, with only shallow
fore-sets if any. Nothing rcsembling the long
fore-scts of scabland gravel was seen.

The dendritic pattern of the slape separating
the two tciraces rescmbles nothing in scab-
land gravel topography. Disscction of the
Yakima Valley ill here is a textbook example.
Comparison of topography, composition, and
structure with scabland gravel deposits is all
contrast! Yakima Valley never had a Lake
Missoula type of flood, and no barlike frrms
were made during deposition or dissection of its
gravel.

Bars in Wilson Creek Valley

Bars up Wilson Creck Valley a short dis-
tance cast of the mapped arca carry even
better-developed giant current tipples than
those on Bar No. 1; maximum rclicf is ncarly 20
fect. They occur at three Jevels, ranging from
the bread valley bottom itsclf to the highest
bar summit where they are cluse to the upper
scabland, 150 fect above the valley flaor.
Ripples of the lowest group have wave lengths
averaging 300 fect (PL S, fig. 1; PL 9, fig. 1)
and are most conspicuous where partially sub-
merged in a flood-irrigated tract. Becavse two
definite erosional scarps in g.avel scparate the
three ripple-bearing surfaces, three floods are
read {rom this topography. Lxcept for cutting a
parrow trench, postglacial Wilson Creck has

donc nothing to modify the valley floor, and
existence of the ripples across the entite bottom
pruves that the last glacial river to use this
toute was not one of the leisurcly meandering
strcams of Flint's concept.®

Giant current ripple marks are difficult to
sce at ground level, even aerial photographs fail
to record them if the surface carrics a good
cover of sage Lrush (PL. 4, fig. 1). The ripples
shown cover a bar about 2 miles cast of Oveasa,
some 25 miles up Crab Creck from Wilson
Creek junction. There are 13 of them in a
distance of 3300 fcct. The clear depiction north
of the straight east-west line, a road, is duc to
8 Lrush fire shortly before the photograph was
taken. Brush on the south side of the ruad was
not burned, and the ripples show so faumuly
that they could well be overlovked.

The writers do not rest their case for enor-
mous glacial rivers on current ripples alone but
are convinced that only Pardee’s interpreta-
tion (1942) for the Lake Missoula features will
account for the ripple marks near Vilson
Creck: town®

Biacx Rocx Covtik

Reference has been made to two wide tracts of
not ma-kedly canyoncd scabland in the down-
stream angle between Upper Crab Creck valley
and Quincy basin, high ahove both lowland
tracts (Fig. 8; PL. 1). The southeastern of these
divergences, Black Rock Coulee, takes off from
*he creek valley about midway between Marlin

¥ Flint came close to recognizing giant current

‘tipples and thus to destroying any validity his

hypothesis then appeared to possess. On page 477
(1938) he s2'4 “Herc and there the Gl surfaces {of
his ‘crosional remnants’] are marked by faint ridges
up to several hundred feet long, 20 to SO feet Lroad
and a lew fcet high. It is quite possible that some of
these are at least in part constructional....” But
*none of these forms, even if constructional, con-
stistitutes, in itself evidence of decp streams™.

8 Sulagqueous “sand waves” of this size have
been kncwr in the Mussissippi River for more than
S0 ycars (Lane and Fiden, 1910), in fiood waters
80-90 feet deer.. But Loth regressive and progressive
-3 waves [ail to survive as Rood velocity and depth
decrcase (Ducher, 1919). The features here descriled
did survive, therefore are true current rip{»ln. Un-
tippled criginal surfaces of scabland gravel deposits
apparently Gid not experience a suiiciently Ligh
bottom velecity at close of deposition. An interest-
ing sidetight en the hydraulics of these glacial nvers
will apipwar when the grant current ripples are given
carclul getaiicd sludy.
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bsit with castward-{un-
: fore-sety recording backfill
¢ (Fig. $). Silts ovetlying the
tavel for 10 miles or more up-
t the creck valley was ponded
of the bar building. The gravel
tion by State Highway 7, is
fcet thick, Crab Creck has
t & natrow gulch through it
episode must post-date all
Sarge down Crab Creck. It is
with the last functioning of
¢t than the decp notching in
of Bacon syncline. It must
tion of Upper Grand Coulce’s
: and the final capture by
alt Cordilleran glacial drainage
au.
tituting a fat-topped and still
valley fill, the eastward-dip-
this Crab Creck deposit and
: debar its interpretation asa

")in late in scabland his-
[}

hypothetical aggradation. Itis

» explain as the consequence of
gravel was carried wprclley in
‘er course.
¢y-mouth dam is corrclated a
£ by State Highway 7a
3 the dam. It lies almost
iry Coulee, its summit atabout
: =5 that of the dam. The bar
v¢ the channel on the west, SO
>n the east, and 80 feet above
closed deprussion immediately
Jn its western slope shows long
tipping west toward the smaller
‘ing channels.

~\Wesre, axp Lino Courres

“ate, Othello, Schrag, Wheeler

21 USG.S.; R4:5720,
&2, US.RK.

2, Smith, and Nefl)

sof these coulees are crossed by
st Law Canal (Pl. 1) where
topagraphic mapping by the
~aation have revealed some in-

g(."e scabland picture. All
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three coulees are distributarics from the cxten-
sive Cheney-Palouse tract and in prescabland
time all hcaded on the west side of a divide
which was crossed during the scabland making.
Flint (1938) made this divide crossing passible
by agprading the Cheney-Palouse tract with
glacial outwash deposited under ordinary con-
ditions, disputing Bretz who had carlicr re-
peatedly called for enormous volume to explain
the divide crossings.

The entrance of Rocky Coulec to Quincy

basin is narrowed to an cighth of its width a ~

mile farther upstream and about a fourth of its

average width for the first 10 miles above the’

constriction. A closed depression occupies the
coulee floor for the first 2 miles upstream. Its
bottom is 100 feet higher than that of Willew
Springs channel half a mile to the west, and its
drainage (when it overflows), aftcr passing the
constriction, turns south and flows parallel to
the Willow Springs channcl, but on top of the
scorp, nowhere more than 3 miles back {rom the
brink, until the scarp dics out about 6 miles
to the south. Even there, Rocky Coulec’s drain-
age continucs its lateral course, refusing to join
the main drainage south out of Moses Lake for
$ more miles and finally entering Drumheller
Channcls as a part of Lind Coulee discharge.
Ttuas, with Black Rock Coulec's detoured
drainage there is a total of 18 miles of this
anomalous southward flow closely parailel to
the Willow Springs channel but well above it
and nowhcre descending its scarp.

The topographic map suggests, and field
examination proves, that Rocky Coulce drain-
age, beyond the corstricted entrance to Quincy
basin, is kept from spilling over the Willow
Springs chan: <l scarp by a long, low barrier of
scabland . ravel which tops the scarp and slopes
gently eastward away from it. This barrier is
most pronounced 2 miles southeast of Moses
1.ake town where crossed by U. S. Highway 10.
Figure 6 shows a form resembling 3 wide spit
pointed south with fingers recurved castwasd.
The highway cut on its eastern (lee) cdge shows
only loose basaltic sand and granule gravel. No
structure is revealed. On the flat immediately
to the east, roadside and irrigation ditches show
caliche in situ for scveral miles eastward, and
only the lack of a loessial cover here suggests
altcration Ly glacial water.

Dircctly east of Moses Lake town, & large
pit in this barrier shows coarser material at
1190 feet A.T. with some bouldc:. of basalt and
caliche but no interbedded sand or silt. The
conclusion that the barrier is a natural levee
type of bar and that it grew laterally eastward
on o a higher marginal surface scems incscapa-
Lle. This feature which constricted and de-
toured Rocky and Black Rock coulces is a part
of the high gravel plain, older than the decp
channcling across the basin. Where crossed by
Highway 10, it is 80-100 fect lower than the
Warden cataract lips. Fither it was built alter
Drunsheller had been consideralily deepuied or
it was dvpusited in water 75-100 fuet deep. The
bar form is readily identifiable for 6 ot 7 milces.

The lower few miles of Bowers-Weber Coulee

(PL. 1) carrics o silt deposit, well exposed in
road cuts along U. S. Highway 10 east of the
caliche-covered plain above-noted and con-
spicucus as far east as Schrag (1244 feet AT,
1L 1). The deposit consists of alternating silt
units, onc finer than the other, cach perfealy
sorted, cach with crinkly laminac that-look
like weak current records. The finer-textured
men:ter iy prevailingly thicker, reaches a maxi-
mum of 18 inches, and is lighter-colored. The
coarecr si't prades up into the finer. Berg-
deposited lenses of coarse sand containing non-
basalt pelibles and a granite boulder 15 inches
long indicate deposition in glacial water.
" These silts lie only a little lower than the
Warden cataract lips and should be correlated
with their functioning. Ponding north of and
below the 1250 Warden sill secms to be recorded
while norflood glacial drainage was arriving in
Quincy Lasin, perhaps during the closing stazes
of the first flood cpisode or the carly stages of
the sccond.

Lind Coulee is crossed by the East Low Canal
4 miles cast of Warden. Two siphons are to be
used, a scabland butte (the summit of Lind
flvxure) in mid-coulce carrying a short streich
of open cansl between them. The south end of
the southern siphon terminates in a gravel de-
posit (zltitude 1247 fect A.T.) on the coulee
slopes where excavai'ons expose & 20-foot scc-
tion soon to be oblitcrated by back filling.'* The
material is all finc gravel ahd coarse sand, pet-

1 Eaploration for foundations here penetsated &8
feet of gravel.
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haps 20 per cent caliche bits, the remainder
bluish-black basalt, stratified in repeated
courscs of short fore-sets which without excep-
tion dip away fr. m the open Lind Coulec and
toward the zZjacent, small, tributary valley.
“he topography here looks like a rounded-ofi
terrace, and, at first glance, the structure and
composition seem to support that interpreta-
tion.

But the Vey to understanding the deposit is
in the consi.tently S- to 10 degrec coulve-ward
dip of the diffcrent nearly horizontal courses.
They dip parallel to the surface slope, cach
course inclined in the opposite dircction to that
of its component fore-scts. Al' strikes parallel
that of the slope. The deposit is a typical river
bar marginal to the central current, its accre-
tions swept back up and out of the main cur.
rent and added to the accumwlation in a pro-
tected re-entrant. The bar originally dammed
the minor tributary here and cxtended at least
3000 fcet fariher down-coulee, grading into
fiucr matcrial with less-marked stratification.
1t must date back to the functioniag of Warden
cataracts.

Twenty-five miles {arther up the coulee and
8 mile cast of the town of Lind, at the junction
of two glacial rivers (Pl 1), the floors of three
pits in scabland gravel are so covered with re-
jected boulders that one may cross without
stepping ofl boulders. They average 3 fcet in
diamcter, a few . re 6 fcet. Almost all are clearly
from large-columned basalt knobs in sight up
the coulce. Among the bruised but unrounded,
unsmoothed bacalts was one angular granite,
3 feet in diameier.

At Ritzville (PL 1), ncar the divergence of
onc of these coulees from Cow Creck valley in
the Cheney-I’alouse tract, a poorly sorted,
bouldery gravel lics on the floor half a inile
downstrcam {rom a low, channel-bottom, basalt
inob. The very little-worn boulders are fortui-

tously distributed in the deposit. Some are 5 .

fcet or more in diameter. One 3-foot quartzite
bouldcr was found. Poorly developed fore-scts
dip down along the coulee.

At Ralston (1. 1), ncar the divergence oi .he
other coulee frum Cow Creck valley, is a similar
showing of Louldery gravel on the channel
floor, with fragmcnts up to 3 feet in diameter.
There are no basalt outcrops near by. Neither
hcre nor at Lind or Ritzville is there any body

ona - E——  —————— ———— . . ——

of fincr, well-sorted material. It is all coarse,
comparable, except for the boulders, to that
shown in Flint's Figure 2 of Plate 2.

Both Ralstan and Ritzville tell the san.e story
that was rcad at Lind. Glacial torrents capable
of tearing large Llocks of ousalt loose and trans-
porting tham along the low gradients of the pre-
glacial coulres left these records. Such bouldery
stream debtis derived and transported on such
gradients (alwout 25 fect per mile) cannot Le
harmonized with Flint's theory of moderate
streams.

Floors of the coulee heads near Ritaville and
Ralston hang 50-75 fuct above the bottom of
Cow Creck valley, which is but a modified pre-
glaciai druinage way. By the hypothesis here
advocated, the larges scabland tract was under
water devp enough to reach the top of the
former divides in loces. These boulders were
dislodged from parert ledges by the distribu.
tary strears Inothe absence of steep gradient,
ouly great volume will suifce for the velocity
indicated. A Lasalt bench 2t least 50 feet above
the coulee fluor at Lind carrics scalland gravel.
This high-lyig, dinitocrossing distributary
should have been atand wned at the very begin-
ning of Flint's dissectivn episode, and its 50
foot fill should sull be intact.

I scveral floods traversed the Cheney-Ta-
louse tract, some deepening of Cow Creck's pre-
glacial valley jr2blat’s occurred. The evidence
at the mouth ¢f Bwers-Weber Coulec is that
no fluod came dunz it from the Chency-Palouse
tract after the siii.ng episode, which is corre-
lated with the G252 Zood in Quincy basin. There-
fore, these Lok 3. distributary coulees be-
te cn Crab Creel: oo the acrth and Washtucena
Coulee on the south are believed to have been
occupicd only during an ear'y scaliland making.
If so, renivnzl of any hypothetical gravel fills
must be dated frem that same early episode,

before the Bower: “Veber silts were deposited.

WESTERN Part oF Quivcy Basin anp
Apjacent Coivstsia River VaLLr:

Colockum Pass, Mcloga, Quincy quad. maps,
USGS end US UK mep R4.5720,

sieel 1
(Brewr, Smith, and Nefl)

Babcock and Fuerzreen ridges constitute one
long, luw, nerthenuth, structural clevation
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984 DRETZ ET AL~—CUANNELLD SCABLAND OF WASIIINGTON

haps 20 per cont caliche bits, the remaindee
bluish-black  basalt, stratificd in  repeated
courscs of short fure-sets which without exccp-
tion dip away from the open Lind Coulee and
toward the adjacent, small, tributary valley.
The topography here looks like a rounded-off
terrace, and, at first glance, the structure and
compositiun scem to suppost that interpreta-
tio...

Jiut the key to understanding the denosit is
in the consistently - to 10-degree coulee-ward
dip of the different ncarly horizontal courscs.
They dip parallet to the sutface slope, cach
course inclined in the op posite dircction o that
of its component fore-scts. Al strikes paralid
that of the slope. The deposit is a typical river
bar marginal to the central current, its accre-
tions swept back up and out of the nuin cur-
rent and added to the accumulation in a pro-
tected re-entrant. The bar originally dammed
the minor tributary here and extendud at least
3000 fect farther down-coulee, grading into
finer matcrial with less-marked stratification.
It must date back to the functioning of Warden
cataracts.

Twenty-five miles farther up the coulee and
a mile cast of the town of Lind, at the junction
of two glacial rivers ('l 1), the doors of three
pits in scabland gravcl arc so covered with re-
jected boulders that one may cross without
stepping off boulders. They average 3 feet in
diameter, a few are 6 fect. Almost all are clearly
{rom large-columned basalt knobs in sight up
the coulee. Among the bruised but unrounded,
unsmoothed basalts was on¢ angular granite,
3 feet in diameter.

At Ritzville (PL 1), near the divergence of
one of these coulees from fow Creck valley in
the Chency-Palouse tract, 2 poorly sorted,
bouldery gravel lies on the floor half a mile
downstrcam from a low, channel-bottom, basalt
knob. The very little-worn boulders are fortui-
tously distributed in the deposit. Some are §
fcct or more in diameter. One 3-foot quatrtzite
boulder was found. Poazly developed fore-scts
dip down along the enulee.

At Ralston (P1. 1), near the divergence of the
other coulce from Cow Creck valiey, is a similar
showing of bouldery gravel on the channel
fiaor, with fragmnents up to 3 fect in diamcter.
There - re no basalt outcrops near by, Neither
here not at Lind or Ritzville is there any body

of fincr, well-sorted material. Tt is all cuarse,
comparable, except {or the boulders, to that
shown in Flint's Figure 2 of I’late 2. .

Both Ralstun and Ritaville tell the same stol
that was read at Lind. Glacial torsents capable
of tearing large blocks of basalt loose and trans-
porting them along the low gradicnts of the pre-
glacial coulees =it these records. Such Louldery
stream debris derived and transported on such
gradicnts (alout 25 fect per mild) cannot be
barmonized with Flint's theory of modcrate
streams.

Floors of the coulee heads near Ritaville and
Ralstun hang 50-75 feet above the bottom of
Cow Czeck valley, which is but s modified pre-
glacial drainage way. By the hypotlicsis here
advocated, the larger scabland tract was under
water decp enough 1o teach the top of the
former divides in locss. These bouldcrs were
dislogged {rom parent ledges by the distribur
tary strcams. In the absence of steep gradient,
auly great volume will sullice for the velocity
indicated. A basalt bench at least S0 feet above
the coulee floor at Lind carries scabland gravel.
This high-lying, divide-crossing distributary
should have been abandoned at the very begin-
ning of Flint's dissection cpisede, and its 50-
foot fill should still be intact.

11 several flouds traversed the Chency-Pa-
louse tract, somne decpening of Cow Creck’s pre-
glacial valley probally occurred. The evidence
at the mouth of Bowers-Weber Coulee is that
no flod cama down it from the Chency-Palouse
tract after the silting episnde, which is corre-
lated w.th the first flond in Quincy basin. There-
fure, those high lying, distnbutary coulees be-
tweer. Crab Creck on the nerth and Washtucna
Coules on thae south are Lelieved to have been
occupied only during an early scabland mahing.
1f so, zemoval of any hypethetical gravel 6lls
must be dated from that same early episode,
before e Bowers-Weber silts were deposited.

WEsTERN Panrt of Quincy Dasiv axp
Apjacrnt CoLusla RivEx VaLLEY

Coloclum Fass, Malags, Quincy quad. mags,
U'SGCS. and U.S.B.K. map R4-5720,
shees |

(Bretz, Smitk, and Nefl)

Babcock and Evergreen ridges constitute one
long, low, north-south, structural clevation
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WESTERN PART OF QUINCY BASIN AND ADJACENT COLUMBIA RIVER VALLEY 985

separating Quincy basin from Columbia Rivet
valicy, cut into two by recession across it of the
huge double Potholes cataract, neacly 13§ miles
in total width. (Sce TL. 1) The two ridges are
sctually the toe of the much greater uplift west
of the Columbia (Table Mountain), amputated
by the river in maintaining its antecedent
course. Of scveral sags in the clongated summit
of this ridge, two more (Crater and Frenchman
Springs) also became dischargeways to the Co-
lumbia. Just west of cach sag, the water plunged
scveral lundred feet over the valley's castern
wall. Two of the cataracts thus engendered
(V'otholes and Frenchman Springs) receded es-
scntially the full length of the notch across the
ridge, Lut the third and smaliest (Crater) re-
treated so little that its channcl in the floor of
its notch is still fargely intact.

At the head of all three spillways, the Quincy
basin surface slopes castward away from Bab-
cock and Fvergreen, so that channcl-bottom
altitudes are readily obtained. Crater’s channel
head is 1280, the other two arc 1210. But the
original notches were so modificd that estimalcs
of initial altitudes found by the discharging
water may vary with the obscrver. Rretz has
long maintaincd that the cataracts were con-
tempotancous, with the upper limit of stream
t-- hing in cach notch at about 1300 (the same
a. at Warden cataracts), and that the 70-foot
higher altitude of the channel to the smaliest
falls is the result of less volume and bricfer use.

One of three conceivable alternatives to this
idea of contemporaneous functioning is Mcin-
zer’s assumption of a remarkable coincidence in
subscquent warping which brought the cataract
uppet limits into approximately the same hori-
zontal plane. Anotlicr is an cqually remarkable
rotating succession of unrecorded ice jams. A
third alternative is that, at the time of cataract
discharge, the basin posscssed an evenly graded
alluvial fill lcading from the mouth of Grand
Coulec down to the three outlet places, and
that shiftings of the detoured glacial (but non-
flood) Columbia on this aggrading plain made
possille a succcssion in use. Such an occurrence
wou'd be recorded in considerable remnants of
the plain Letween adjacent spillways lying at
the altitude of the highest channel scars and
sloping up back into the basin.

But the slope of the plain, 10-20 fect to the
mile, is down toward the southeast all the way

to Fphrata chauncl and Frenchman Hills. It
certainly is not the original stupe of an outwash
plain leading to the cataracts. Furthermore, it
is largely unchanncled and in 25 50-foot U.S.
B.R. test holes boulders have been found only
close to the cataracts’ channel heads. Its casteen
part is heavily covercd with basaltic sand and
granule gravel, and the western pari is com-
poscd mostly of sands and clays with a heavy
caliche. Two caliches scparated by sand or
cemented gravel in some holes indicate pre-
scabland origin. The cataract channed heads are
cut into a caliche cap.

The eastern portion may be part of a normal
outwash plain, but its slopes indicate drainage
out through Drumbclicr before Fpheata chan-
ncl time, not by way of the cataracts. Thus the
falls may date from an carly flood, after which
ordinaty meltwater discharge from Cordilleran
ice may bave Luilt a plain in Quincy basin ad-
susted to Drumheller’s depth at that time.
Later flouds then destroycd all but the extreme
western part of this plain. Only the freshness
of the cataract features (DL 10, fig. 2) seems
out of harmony with this sequence. - )

A gravel deposit with most surprising struc?
ture lics on this plain a few miles southeast of °
the head of the Potholes, well exposed in 2
large pit (SW 34 Sec. 32, T. 19N, B. 24 E)a
mile cast of the former post office of Hutke. The
matcrial is coarse, with many basalt cobhles
and some Loulders whose diameters reach 54§
feet. Caliche boulders 3 fcet in diamcter are
present, slso scveral large granites. The strati-
fication is dominantly highly inclined with dips
toward the east, southcast, and south, away
from the cataract head. Fither these are back-
sct beds as suggested by J. H. Mackin'®, or they
record a reverse flow through the Potholes
notch, out of the Columbia Valley and into the
Quincy basin; Neff holds this latter view. Im-
brication is 0 pootly developed that no deci-
sion as to which way the water flowed could be
made from the deposit. If flow was eastward,
the debris could have been obtained over the
3.mile stictch between The Potholes and the
pit, at an altitude of about 1240 fect. A con-
linuous gradient exists thence southeast and
east to Drumheller’s deepest channels. 1f the ‘
flow was westward, all debris must have been
inported in floating ice. /

14 Personal commurication. -
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It is conceivabile that a fleod down Columbia The steep, gullied
" River, but not across the scablands, produced  and caliche-bearin

an ice jam in the narrows where the river  Columbia Valley
crosses the Saddle Mountains anticline, 20 y and Colockum Pass qu
miles farther south (PI. 1). However, such a rangles) have one great diffed alcove of
- jam would detour the Columbia flood not alune  more recent origin, rccord g the 200-foot «
*" back through The Potholes notch but also back  of glacial water over Crater catarace. Sy,
through Crater, Frenchman Springs, and Lower position of this cliff and alcove on the ¢
Crab Creck. Furtherinore, the Saddle Moun. topography was accompanied by remaking
tains gap is 11{ miles wide and onlya mile long, the guich into a scabland canyon; Wi’
and at present depth of the narrows the dan Springs Draw, whose floor strangely cnoug!
there would have to be 500 feet high. De- an aggraded flat 950 fect AT, hangs al.
toured discharge would have to bypass a com- 450 fect above the Colunibia, 23 miles i

plete ice Llockade by way of Othello Channcls  the cataract.

at the east end of Saddle Mountains. The low- The flat is continued out in the Colun,
est and largest of these channels has a floor st valley as a2 terrace for 1-2 miiles on bath s
about 900 fect A.T. Butitisdificult to belicve  of the mouth of the Draw. Composition .
that such a dam ever could exist. This problcm-A structure are well cxposed in the mouth w!

atical Burke gravel needs furiher study. the terrace is a puzzling combination of be:

, but largely soil-cove

Licny
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Piate 9.—GIANT CURRENT-RIPPLE MARKS

Ficurz 1.—Giant currcm-ripplekn‘}a'vks at three levels in Wilson Creek valley & mile above junction +}
Crab Creck. Note how cultivation pattern along contact of grain field with valley bottem bar shows m:
tude of ripples. The dark areaisa flood-irrigated alfzifa ficld, I'hnto AAR-3A.80 of Age. Adj. Adm.

Ficuxe 2.—Staircase Rapids bar. Vallcy east of the rinple-marked surface was partially blocked by
growth, and the tortuous stream meanders areon 2 3.1 flat. Drainage pattern east of creck is that of Pa?
Hills topography. Production and Marketing Adm ploto AAP-26-188.

Ficure 3.—Giant current tipple marks in Snake Kiver vallcy at mouth of Devils Csuyon. Produc:
and Marketing Adm. photo AAR-9A-(1.
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Peate 10.—DRUMHFLLER AND POTHOLES DISCHARGEWAYS

Ficure L.—Drumbheller Channels topography. Lecking soutbward from O'Sullivan Dam. U. S. Bu:
of Reclamation photo. P2222.117.142, ’

Fi=umx 2.—Northern alcove of The Potholes cataract in 1954. Water is waste and leakage from \.
Canal about 2 miles distant and 75 fect higher than cataract brink.

Magnitudes incolved: 1ake in plunge basin is 125 feet deep. Top of bar on norta side of alcove is $0
feet above lake surface, 175-200 feet above bottom of plunge pool. Bar fosse largely Glled with talus. ¢
back of Lar are, including talus, 300 feet high. Scarp of gravel terrace along the Columbia is 150 feet
and its summit is approximately 250 feet above river. Nearer cliff, across which lake discharges, is 150
Eigh above gravel terrace.

Sequences involved: Cataract originated approzimately at the near end of the plunge basin. Its 1
retreat was nearly 2 miles. Tip of the ridge separating the two alcoves is about an eighth of & mile L|
from the prescalland line of clifls. Basalt bench Lelow tkis cliff (part of bench south from Crater catar
is gashed Ly glacial-river chutes, recording cascades rather than cataracts and presumed to be of subfy
origin. Gravel of the terrace overlaps a little on scabland of this bench.

Corrclations proposed: Grave} terrace has tight altitude above the Columbia to be correlative with v
Bar and Beverly Bar. The inconspicuous but recogrizatle, very bouldery, flattish mound buried under
gravelisa dump f uin carly cataract retreat, comparable to that at Vantage Bridge. Scabland beneath ter g
gravel is older than the terrace, Cascade chutes are later than the initial Potholes cataract, They and

bar north of the plunge basia may date from a late Bowd out of Quincy basin. U. S. Bureau of Reclama
photo P-222.177.35237
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T‘-‘Tp, gullied, but largely soil-covered
N e-be.

lumbia Valley at the nocthern end of Bab. ' {
«k Ridge (Quincy and Colockum Pacs quad-
nglcs) have one great diffed alcove of far’ e
se recent origin, recording the 200 foot spill .)
glacial water over Crater cataract. Super-

sition of this ciff and alcove on the older ]
pography was accomipanied by remaking of =

v aggraded flat 950 fect A.T., hangs ahout
0 lcet above the Columbia, 21§ miles from
¢ cataract.
The fat is continued out in the Coluinbia
lley as a terrace for 1-2 miles on both sides
the mouth of the Draw, Composition and
fucture are well exposcd in the mouth where
€ terrace is a purzling combination of Luried

sT-RIPPLE MARKS !

ia Wilson Creek valley a mile above junction with
A grain Bield with valley bottom bar shows magni-
<Id. Photo AAR-3A-80 of Agr. Adj. Adm. '
Spie-matked sutface was partially Llocked by Lar
t- Drainage pattern east of creck js that of Palouse
9. 4 P-26-188. !
£ &% at mouth of Devils Canyon. Production
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ITIHOLES DISCHARGEWAYS

| s
€ soutbward from O'Sullivan Dam. U. S. Bureau ‘ i

! -
‘Tin 1954, Water is waste and leakage from West Lo
aract Lrink. |
deep. Top of bar on north side of alcove is 50-75
snge pool. Bar fosse largely filled with talus. Cliffs
“avel tercace along the Columbia is 180 feet high, L
:arer cLil, across which lake discharges, is 150 fect :

¥ 8% the near end of the plunge basin. Its total
he (wo alcoves is about an eighth of & mile back
-3 ¢iff (part of Lench soutk fram Crater cataract)
<? than cataracts and presumed to be of subfluvial
of this bzach, I
¢ abiove the Columbia to be correlative with West '

f. very bouldery, flattish mound buried under this

“thatat Vantage Hridge. Scabland beneath terrace ) .
? thaa the initial Potholes cataract. They and the -
out of Quincy basin. U. S. Bureay of Reclamation
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WESTERN PART OF QUINCY BASIN AND ADJACENT COLUMUBIA RIVER VALLEY 987

and semiburicd scabland knobs, granitic sand,
snd scabland basaltic dubris, into which post-
glacial drainage from the Draw has cut a natrow
gulch and become superimposed on a Luricd
shoulder of basalt.

The granitic sand, beneath the basaltic de-
bris, is part of a Columlia valley fill not dif-
nitely identificd farther down stream but con-
spicuous for miles upstrcamn. There is but little
basalt in its well-sorted, uniform material, and
it has very few and only thin gravel members.
It is a record of a leisurely Columbia's slow

aggradation from river level, 550 feet AT, up .

to rude terrace tops at 1300 feet A.T. Remnants
back in tributary gulches testily to the exist-
ence of a vallcy system of present proportions
when it was laid down, clearly in prescabland
time. Apparently its dissection was also well
advanced when the first flood discharged over
Crater cataract.

In contrast is the coarse, very poorly sorted,
almost 100 per cent basaltic debris in the same
950-foot terrace, strongly fore-set out of Willow

Springs Draw, cobbly and bouldery and un..-

worn to an unusual degree even for scabland
torrent deposits. The terrace top does not ap-
pear to record a Columbia valley bottom at that
time; it scems better interpreted as a later,
lateral beveling. The fact that Crater has no
empty plunge-pool basin, in contrast with Pot-
holes and Frenchman Springs, strongly sug-
gests that deepening of the two larger notches
30 decreased Crater’s volume that its earlier
plunge basin could not be kept flushed out.
The cliffed western side of Babcock and Ever-
green ridges is the castern wall of the Columbia
River valley. It carries a great rock ench, lo-
cally a mile wide, extending from The Crater

southward past both The Potholes and French-
man Springs cataracts fur the full length of the
Quincy quadrangle (M. 13, fig. 2. The surface
of this Leuch descends from about 1350 feet
A.T. st the north to 875 at the *our™—a struc-
tural slope. 1ts topography is very instructive.
Above 1300-1350 fect, the bench has rently
rolling surfaces without outcrops, and the cliff
overlooking it is only 3 smoothly stoped, steep
hillside, also lacking in outcrops. There is no
scabland in the view.

South of this, as far approximately as the
crossing of the 1200-foot contour (Quincy quad-
rangle map), the bench is definitcly scabland
with buttes and rock basins but very few actual
rock outcrops; almost all surfaces are thinly
covered with weathered rubble. The cliff above
it is talus-covered almost or quite to the sum-
mit, and the talus has a soil and vegetation
cover (PL. 11, fig. 1).

South of the 1200-foot contour, the bench is
typical, vigorously expressed butte-and-basin
scabland, and the cliff is bare, actively growing
talus climbing only half to three fourths of its
height (PL. 11, fig. 2).

The bench is held up by the same bLasalt flow
throughout the range of these contrasts, and
the only material obscuring any part of its
surface is 2 gravel bar overlapping the southern
part of the more subdued scabland and possess-
ing a fosse 20-30 feet decp between it and the
cliff talus. It is a lateral accompaniment of the
fresher topography. Here is scalland of two
different ages.

A small deposit of gravel belonging to the
older scabland lics in the west end of a notch
across Babcock Ridge (sec. 20, T. 20 N, R.
23 E.) which was not reached by glacial water

Prare 11.—BENCH BETWEEN BABCOCK RIDGE AND COLUMBIA RIVER

Ficorx 1.—CIiff above older scabland. Lookin‘ northeast. Photo by H. T. U. Smith
Ficure 2.—CUifl above younger scabland. Looking southeast. 1'hoto by H. T. U. Smith

Pratx 12.—SCABLAND BARS

Ficure 1. C.M. and St. P.R.R. section through Beverly bar, showing foreset bedding composed of

boulders. Looking south. Man in photo for scale.

Ficuae 2.—Near Sperry. Foresets dipping into coulee from higher marginal scabland.
Ficure 3.—~North of Harder. Terminal part of “terrace.” Skyline and railrosd mark horizontality in

the view,
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from Quincy basin. It is a bar with convex sur-
face (1. 13, fig. 2) about 50 ¢.ct above the scab-
fand bench and it blicks e mouth of the notch
and dctours drainage pest it on both sides. A
granite coblle was found near the top. Another
such depneit hias a gravel pit oapusute {uear
the Tine letween sections 17 and 18) between
1250 and 1375 fect AT, on the nonscabland
notthern part of the beach. This depusit is come
posad Largely of mined basaltic granule graved
and granitic sand but contains considirable rub-
Lly cubble basalt; the fragiments are completely
angular and much weathered. One fresh granite
boulder was found. The pit is on the slope of a
small sag (a little below 1350 {eet) which be-
ame 2 minor, high-level channel across the
nonscablana *ract at the height of the catlicr
flooding of the beneh. The lucally derived
coarse material was alicady luvose, weathicred
dcbris, and the granitic sund and blyish-black
&7 nule gravd were carried here by the current
that Lo > the berg-fluated granite.

The southward slope of the structural bench
is about 3O feet to the mile, and its entire sur-
face Ladow 1530 fect was unquestionably swept
by the fist flued. Did the cataracts out of
Quincy Lasin function at that time?

I the surlace gradient of the flooded Colum-
bia was 10 fct to the mile, the cliff now notched
by Potholes cataract must have been nearly
submerged, and Frenchman Springs cataract
could have had no more than 50-60 feet of
plunge. A lesser gradient would bring the flond
surfuce even closer to the brink of this southern
eataract. Under such conditions, Crater could
not have eaisted. Indeed, if there was no com-
parable flooding of Quincy basia at that time,
the Cratcr notch must have carried water cast
into the basin.'® The cataracts apparently be-
lung to the secund episode of flooding when,
alter a long interval of weathering, older scab-
land Lelow 1200 feet on the bench was refreshed.

That there was a debris-empty Golumbia
valley of present depth when the western cata-

1 Since the fild study by the threc authors,
Nefl has found a mounded bouldery deprosit exposcd
in West Canal scctions at the head of the (lralv:r
cataract chanoe! (SEY{ Sec. 14, T.20N,, R. 23 E))
which contams stighthy bruised coluninag fragments
7 fect long in a lareely uncorted gravel of caliche,
Lasalt, interflown ulistone, and intact masecs of
locss. He fucks that this deposit records an eastward

flow through the Crater notch at some time previous”

to the Lust discharge westward.

BRETZ ET AL—~CHANNELTD SCABLAND OF WASHINGTON

racts operated is clcar from cxposures made in
relocating U. S, Highway 10 from Vantage
Bridge to the summit of Frenchman Springs
Cataract. One now can see most of this splendid,
abandoned waterfall from the winduw of kis
car. The floor of the cataract alcuve is about
875 foct AT, the Columbia below it is & lictde
alwve 500. Debris frum the cataract making,
dutpadd over inte Columbia valley, extends
o at Beast to 600 feet AT, aud is well ex-

Jredin the highway's long, diagonal grade

acrss it. Perhaps the most outstanding collee-
tiun of rejected boulders in any scabland gravel
Pit uteurs at the head of this grade. Their aver-
age dincter is 3 feet, a fow reach 6 fuet. They
have been rolled at least a mile from some
Large-columned fluws in the eatarset ledges, but
wiany still retain columnar outlines with only
bruised, Lattered, and chipped edges. There is
almust nio sorting in the pit or highway expo-
sures and no aggregation of boulders into
strata. What rude stratification docs exist is
that of long fore scts dipping toward and dows
inte Culumbia Valley. & confirmed skeptic i
LEuly ta 10w to make this deposit 2 talus!

It n.ay well be that no one short-lived flood
could bave made all these cataract scars. Cer-
tuindy no fiood of the magnitude recorded could
Le more than short-lived. However, it is almest
certain that the cataracts were contempora-
neous, and surcly no river of modcrate size is
recorded by the double Potholes cataract, 13¢
niiles wide. The debris spilled into the Colum-
Lia 2t Frenchman Springs is - >t a record of
ni.ny cnturics of slow cataract retrcat. The
way the lip of Potholes Lreaks into a scries of

vt chutes (AAR-SF-194 and 195, also
U.S B R. 10-foot contour map) is evidence that
the lust discharge over this cataract was of
lessencd volume. This may record the shrinking
last stages of a flood or a later, smaller flood.
But it was the last discharge over Frenchman
Springs' southern cataract that dumped the
preat robble into a debris-empty Columbia
Valley.

Moses Cource
Maps: Malaga quad., US.G.S.
(Bretz and Nefl)

Moses Coulce, second only to Grand Coulee
in magnitude, enters Columbia valley only a
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few miles upstream from Crater cataract (P. 1).
Although its headward connections with the
rest of the plateau seabland complex are largely
concealed by depasits of the latest Okanogan
vie o cross the Columbia, there is fair cvi-
derce of a seabland surface at about 2400 feet
A.T. beneath the drift as far south as the coulee
head, but no farther. The well-developed ter-
minal moraine of this lobe blocks Moscs Coulce
at the crossing (10 miles from the head) with
hills lialf as Ligh as the coulce is deep, and asw-

ciated outwash gravel extends down-coulee for
a few miles in valley-train fashion. The great
covtee, theicfore, alrcady existed in essentially,
ful devddupment before this latest glacial trans.
gression on the plateau and must predate the
later events in Grand Coulee history.

At the debouckure of Moses Coulee into the
Colunihix valley arc remains of an enormous
deposit of very little-worn boulders, sand, and
gravel, nearly al) tasalt; its forc-sct structure
indicates a cice-complete Llockade of the
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greater valley. Presumed moraine \opography
just upstream {rom this Llockade and on the
same side of the river appears to record cun-
temporancous glacial ice in Columnbia valley.
Hretz (1930L, p. 381) has suggested that this
was made by a Wenatchee Valley glacier push.-
ing out into Columbia valley. But I"uge (1939)
has since shown that any such glacicr must
date further hack than the late Wisconsin ad-
vance of the Qkanogan lobe, and its drift should
show pronovunced weathering, a feature it docs
not posscss. Its dcbris, furthermore, is esscn-
tially all basalt. Perhaps it is a record of ice
blocks floated down from a breakup of the
Okanoguan lobe. The carly Columbia valley
flood rccorded on the bench west of Babeock
Ridge probablly cntered the master valley via
Maoscs Coulce.

CORRY.LATION 0P EVENTS AND SEQUENCES
THUS FAX PRESENILD

(Bretz, Srpilh, and Nefl)

Inspection of Plate 1 and Tigure 4 shows
that, duting and after the episcde which saw
Ephrata channel eroded, water had ceased to
rcach the three western cataracts. .\ provi-
sional chronology from data thus {ar submitted
therefore would include (Fig. 9):

(1) The carliest flooding on the Babeock bench,
apparently before Grand Coulee had been
initiated

(2) The carliest recorded plateau looding (be-
cause of an early Okanogan lobe dam) with
(a) Operation of Grand Coulee and Crab

Crevk glacial nivers, '

(b) Cataract making at the three western
spillways,

(c) Dcposition of the high gravel of Quiney
basin,

(d) Operation of DBlack Rock, Rocky,
Bowers-Weber, and Lind coulces,

(¢) Beginnings at Warden cataracts of the
Drumhelier spiil across the nose of
Frenchman ITills anticline.

(3) The flood which initiated the three chan-
nels across Quincy basin and today is re-
corded only Ly the Fphrata channel (the
three western cataracts and the four castern
coulees then abandonced; Drumbeiler deep-
encd)

{4) The flood which used only Rocky Ford and
Willow Springs channels, and continued the
deepening of Deumheller Channels (Upper
Crab Creek still functioning)

The 1ast Nwd down Grand and Dry cou-
lees, making the Upper Crab Creck dam
and adjzeent Diry coulee Lar (Steambeat
Falls desiroyed, Dscun syncline's western
notch left hanging, all seabland channels,
cust of Grand Couler abandoncd)

The finz] fluod down Grand Coulee alone
which compleied the great Dry Falls cata-
ract and Seap Lake bLasin and used both
the Willow Springs and Rocky Ford chan-
nels.

The vertial succession of bars in Wilson
C:cek valley should date {rom the second, third,
and fourth flueds, bLecause deepening of the
channcls acress the Quincy basin fill permitied
trenclung Lack up Crab Creek and because at
stage § Crab Creek valley was blockaded by
Dry Coulee gravel. A seventh flood is recorded
by the Deverly bar at the junction of Lower .
Crali Creck and Columbia River.
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Lowxx Cran CrErX

Maps: Beverly, Boylston, Corfu, Othells,
and Smyrna; US.G.S.; R+4-3720,
sheet 2; US.B.R.

(Bretz, Smith, and Nefl)

Discharge across the nose of Frenchman Iills
(site of Drumhelier Channels) entered an cast-
west synciinal valley between this anticline on
the north 2nd Saddle Mountains anticline on
the south (Pl 1). The syncline decpens and
broadens eastward from the Columbia to the
Charnels; descent of the surface of the basalt
along its axis is about 230 fect in 27 miles. The
Hureau of Reciamation terms this eastern low
broadening the Othello Lasin. The scarps in
superlasalt sediments bounding Drumlicller
Charnncls coztinue westward aiong the syncline
for seme mYes and make it clear that Otheilo
basin was 51l largely filled when the earlicst
scablard food arrived. The top of the tasalt
lay so low in the center of the basin that it
escaped L.z terrible treatment meted out to
that upraised in the Channels arca. There s a
plane tract of several square miles in the Lottom
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greater valley. Presumed moraine topography
just upstream from this blockade and on the
same side of the river appears to record con-
temporancous glacial ice in Coluinbia valley,
Hretz (1930b, p. 381) has supgpested that this
was made by a Wenatchee Valley glacier push-
ing out intu Columbia valley. But Fage (1939)
has since shown that any such glacicr must
date further hack than the late Wisconsin ad-
vance of the Okanogun lobe, and its deift should
show pronounced weathering, a feature it docs
not posscss. Its debris, furthermore, is esscn-
tially all basalt. Perhaps it is a record of ice
blocks floated down from a brcakup of the
Okanogun lobe. The carly Columbia valley
flood rccorded on the bench west of Babcock
Ridge probably entered the master valley via
Moses Coulee.

CoxrrLaTiON OF EVENTS AND SEQUENCES
THUS FAK PRESENILD
(Bretz, Smith, and Nefl)

- .

Inspection of Mate 1 and Figure 4 shows
that, during and after the episade which saw
Ephrata channcl eroded, water had ceased to
rcach the three western cataracts. A provi-
sional chronology from data thus far submitted
thercfore would include (Fig. 9):

(1) The carliest flooding on the Babeock bench,
apparently before Grand Coulce had been
initiated

(2) The carliest recorded plateau flooding (be-
cause of an early Okanogan lobe dam) with
(a) Operation of Grand Coulee and Crab

Creuk glacial rivers, )

(b) Cataract making at the three western
spillways,

(c) Deposition of the high gravel of Quincy
basin,

(d) Operation of Black Rock, Rocky,
Bowers-\Weber, and Lind coulees,

(¢) Beginnings at Warden cataracts of the
Drumheciler spill across the nose of
Frenchman IHills anticline.

(3) The flood which initiated the thece chan-
nels across Quincy basin and today is re-
corded only Ly the Fphrata chauncl (the
three western cataracts and the four eastern
coulees then abandoned; Drumheller deep-
encd)

BRETZ ET AL—CHANNELED SCABLAND OF WASHINGTON

{4) The flood which used only Rocky Ford and
Willow Springs channels, and continued the
deepening of Deumhedler Channels (Upper
Crab Creck still functioning)

(5) The last fwnd down Grand and Dry cou-
lces, making the Upper Crab Creck dam
and adjacent Dry coulee bar (Steambeat
Falls destroyed, Nacon syncline's western
notch left hanging, alt seabland channels,
cast of Gramd Coulee abanduned)

(6) 1he final fluod down Grand Coulee alone
which completed the geeat Dry Falls cata-
ract and Soap Lake basin and used both
the Willow Springs and Rocky Ford chan-
nels.

The vertical succession of bars in Wilson
C:cck valley should date from the sccond, third,
and fourth fluods, because deepening of the
channcls across the Quincy basin fill permitted
trenching Lack up Crab Creck and because at
stage 5 Crab Creck valley was blockaded by
Dry Coulec gravel. A seventh flood is recorded
by the Beverly bar at the junction of Lower -
Crali Creck and Columbia River.

Lowrr Cras CrEEX

Maps: Beverly, Boylston, Corfu, Othells,
and Smyrna; US.G.S.; R4-5720,
sheet 2; US.B.R.

(Bretz, Smith, and Nefl)

Discharge across the nose of Frenchman Hills
(sitc of Drurmhclier Channels) entered an east.
west synciinal valley between this anticline on
the north and Saddle Mountains anticline on
the south (Pl 1). The syncline decpens and
broadens eastward from the Columbia to the
Channcls; descent of the surface of the basalt
along its axis is about 230 {cet in 27 milcs. The
Burcay of Reciamation terms this eastern low
broadening the Othelle bLasin. The scarps in
superbasalt sediments bounding Drumbicller
Channels contirue westward along the syncline
for sume miles and make it clear that Othello
basin was s:1 largely filied when the earlicst
scablard flood arrived. The top of the basalt
lay so low in the center of the basin that it
escaped the tersible treatment meted out to
that upraised in the Channels arca. There is a
plane tract of several square miles in the Lottom
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of the syncline near Corfy where the original ba-
saltsurface, although denuded, vas not croded.

Lower Crab Creck, after passing southward
through Drumheller Channels’ lowest gash,
turns  westward and follows this syncline,
against the pitch, to the Columbia, descending
about 100 feet in 25 miles. West of the Corfu
flat, the syncline hias well-developed seutitand
all the way. Some features of this glacial river
chanuel desave examination with referenee Lo
Allisou's theory of ice Jams.

One of these features is Natural Corral
Smyrna, formerly Red Rock, quadrangle).
Another (shared by the Smyrna and Heverly
quadrangles) may be called the Jericho coulee
(Fig. 10). Both arc accessory lateral canyons
semiparallel to Crab Creek with looped courscs
back in higher seabiland slopes alorg the north
side of the synclinal valley. On the maps they
look like dctours for bypassing short, wide ice
jams. Rut ncither one Lias an eastern (upstream)
connection v.ith the main channel cuniparable
to the remainder of the “run-around” cuuyon,
and at neither place is there any narrowandss,
shallowness, or crookedness in the main valley
favorable for initiating and maintaining an ice
jame Furthermore, the Natural Coral Lateral
anyon is only 3 miles long, alluwing for only a
short jam in ‘Crub Creck, apparently too shert,
like Saddle Mountains gap, to provide the fric-
tional lacking of ice on ice and on shinre to main.
tain a dam for tiic many ycars required if a
moderately propartioned glacial rivie croded
the Corral cunyon.

The Jericho lateral canyon (Fig. 10} is tan-
dem, its toal leneth of 9 miles althosy come
pletdy Lrolen i two in mdlongth Ly the diae
appreatance there of the south Tetawning wall,
Its Aoor at this Lreakdown is 60 feet abwve Crab
Creck 2 mile to the south, yet its cphemeral
deainage fails to find the §ap and poes on west,
parailel 1o Crab Creck, to end in a closed de-
paussicn only 13 feet above the ek This
closure is due to Columbia River's Devely Lar,
2 late feature once entircly binckirg the Craly
Crecl. valley mouth, and dealt with in a later
paragraph.

Two scquential ice jams therefore would be
required for making the Jerichio tandem canvon
2 "run-around”. What should be the ficld cvi-
dence, other :han mappable forms, to support

the ice-jam theory? Allison (1911, p. 673) cited
“The durens of piles of icclergeralted i1l on
the nurtheast fank of Rattlesnake Hills and in
Cold Creck valley™ a5 proal that great quanti-
ties of Lergs reached the wide Pasco basia,

They, with isolated Lerg “nests™ and lonc cf-

ratic bouiless in sa many places in the scal-

ands, are irecfutalle evidonce for abundaunt

floating glacal ice (see Heetz, 19500, p. 110,

Fig 7)) 304, where closely spaced, are cqually

guod cvulence fo. . e grounding of lurge num-

bers o these Lerss Tn Paseo Lasin, they obvi-

ously dr.itcd ashore in 3 wide semiponded traet,

Hodevedly packed in 2 narrow valley, there

shouid Le at feast as gow! a record.

With this criterion in mund, the two broadest
and Mattest bute tops enclosed Ly these looped
lateral e2nyons were traversed. Not one crratic
was fuund, rothing but bare or nearly bare
basalt Hery ice never made an ice jam along
this seallund route. River ice, also used by Alli-
son e fasored by Luplier (1943, p. 1493) for
damr.ing and detouring glacial streams, would
inevitally trap many of the abundant bergs,
and a marginal record of this should survive.?

Botlo Noteral Corral and Jericho lateral
Cotad i Corry pood evidence that they are only
ehlargiaints of prescaliznd  diainage wuys
alrevly cat throuph the sedimentary ruck into
basalt. Al the minor gulches entering them
from Teeichmen 1ills 1o the north have cither
hangeg or sirongly marked kuickpoint junc-
tivis, Lut thdir gradients above the junctions,
projectd sauthward toward Cral Creck, find
the Lzl "isiand” Lutte tops too high. They
WOt trhuliniey tu west-flusing minor streame
wars noathol snd somiparalicd to Cral Creck
o the S of the synclinal valicy streamuays
Inczizai to Corral and Jericho canyons.

Those minor gulclies were in cxistence when
the B hiat scublund flood swept the super-
basall scdimentary off the top of the ruck ter-
race U 'se and covered thelr castern walls
with rver-bar deposits while leaving their up-
streant-faciig walls nearly bare Lasalt, Lower
Crals Creel's lateral loops are prescabland local
druinage lines which, modificd Ly overwhiclming
flord discharze, had begun to grow inta an

——— e e .

1 Toeriizin the Othello divergz~ce by anice jam
in lower Crav, TeuIres 3 top to the dam 200-300 icet
above th 2 basadt “island” suminuits.
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of the synclinencar Corfy where the original ba-
salt surface, although denuded, vas not croded.

Lower Crab Creck, alter passing southward
through Drumbclier Channels’ lowest gash,
turns westward and follows this syncline,
against the pitch, to the Coulumbia, descending
about 100 fect in 25 miles. West of the Corfu
flat, the syneline lhas well-deviloped sculiiand
all the way. Some features of this glacial river
channel descive examination with reference to
Allison’s theory of jce jams.

Onc of these features s Natural Corral
(Smiyrna, furmerly Red Rock, quadrangic).
Another (shared Ly the Smiyrna and Beverly
quadrangles) may be called the Jericho coulee
(Fig. 10). Both arc accessory lateral canyons
semiparallel to Crab Creck with looped courscs
back in higher sealiland slopes alorg the north
side of the synclinal valley. On the maps they
look like detours for bypassing short, wide ice
jams. Rut ncither one has an eastern (upstream)
connection with the main channel coniparable
to the remainder of the “run-around” cunyon,
and at neither place is there Ny narrownds,
shallownecss, or crookedness in the main valley
favorablc for initiating and maintaining an ice
jam. Furthetmore, the Natural Corral Lateral
canyon is only 3 miles long, allowing for only a
short jam in Crub Creck, apparently teo shert,
like Saddle Mountains g4, to provide the fric-
tional lacking of icc on ice and on shore to main.
tain a2 dam for the many ycars required i a
muderately propartioned glucial river craded
the Corral canyon.

The Jericho lateral canyon (Fig. 10) is tan.
dem, its total fength of 9 miles aliiost com-
pletdy Lrolon i teo i midbongth Ly the dis-
appearance there of the south retaiiningg waldl,
Its floor at this Lreakdown is 60 feet 2l ¢ Crab
Creek a mile to the south, yet its cphemeral
drainage fails to find the gap and goes v west,
parallel o Crab Creck, to cnd in a cinsed de-
pression only 13 feet above the crock, This
closure is duc to Columbia River's Beverly Lar,
a late feature once entirely Llacking the Craly
Creel. valley mouth, and dealt with in a later
partagraph.

Two scquential ice jams therefore would be
required for making the Jericho tandem canvon
2 “run-around”. What should be the ficld evi-
dence, other than mappable forms, to support

the ice-jam theory? Allison (1933, p. 673) cited
“ihe dorens of piles of icclergrafied (il on
the northeast flank of Rattleanake Hills and in
Cold Creck valley™ as proof that great quanti-
ties of Lergs reached the wide Pasco basin,
They, with isolated Lerg “nests” and lunc er-
ratic Louihless in so wany places in the seal-
lands, are irrclutalle evidenee for alwndant
Nloatig claanl ice {(see Beetz, 19301, p. 410,
Fig. 77 30d, where closely spaced, are cqually
guod cvidence fu. e srounding of larpe nym.
bers of tieie Leros. In Paseo Lasin, they obvie
ously drificd ashore in 2 wide semiponded traet.
H deneely packed in a narrow valley, there
shouid be at least ag guwe a record,

With this criterion in mind, the two broadest
and Mattest Lutte tops cnclosed Ly these loaped
lateral eznyons were traversed. Not one crratic
was found, rothing but bare or ncarly bare
basdt. Berg ice never made an ice jam along
this sealland route. River ice, also used by Alli-
son and {asvnred Ly Lupher (1934, p. 1493) for
damrany and detouring glacial streams, would
Inevituliy trap many of the abundant bergs,
and a marginat record of this should survive.?

Botle Note:al Corral and Jericho lateral
Gty i Corry mond evidenee that they are only
enlurgiiints of prescabland
alrealy cut throuph the sedimeniary rock into
basalt. ALl the minor gulches entering them
from Treachnien Mills 1o the north have either
hanging or strongly marked kuickpoint june-
tui, Lot thar sradients above the junctions,
peojectd southward toward Crab Creck, find
the Lzsllt “isiand” bLutre tups 100 high. They
Wefefuatinios o owest owing minor stream-

HIAREC wuys

wavs Lo sad somiparaliel to Cral Creck

¢ ol the synchinal vatley stecamways

to Carral and Jerichio canyons.
Thise minor zulchies were in custenee when
the B Lot seabland fluod swept the super-
hasalt scdimentary off the top of the ruck ter-
race Gy ingise and covered iir castern walls
with river-bar deposits while leaving their up-
strears-Tacir 3 walls nearly bare Lasalt, Lower
Cral Creed's lateral loops are prescabland local
nsge Lnes which, modificd Ly overwlicdming

in the
Anc:

drain:
flond discharge, had begun to grow into an

———— e .

" To evpizin the Othello divergz~ce by an icc jam
in lowur Crabireruires 3 ton to the dam 200- 300 icet
above Uz Lasilt “island® sumnuits.
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LOWER CRAN CRLLK 991

of the syncline uear Corfy where the original ba-
salt surface, althouyh denuded, vas not croded.

Lower Crab Creck, after passing southward
through Drumbhcller Channels’ lowest gash,
turns westward and follows this syncline,
against the pitch, to the Culumbia, descending
about 100 fect in 25 miles. West of the Corly
flat, the syneline las well-deviloped seuliiang
all the way. Some features of this slacial river
channel deserve cxamination with telerence to
Allison's theory of ice jams.

One of these features is Natural Corral
(Smyrmna, formerly Red Rock, quadrangle).
Another (shared by the Smyrna and Reverly
qurdrangles) may bLe called the Jericho coulee
(Fig. 10). Both are accessory lateral canyons
semiparaile! to Crab Creck with looped courses
back in higher seabland slopes along the north
side of the synclinal valley. On the maps they
look like detours for bypassing short, wide ice
jams. Rut neither one has an eastern (upstream)
conncction with the main channel cunmiparable
to the remainder of the “run-around” cunyon,
and at neither place is there any narrowandss,
shallowness, or crookedness in the main valley
favorable for initiating and maintaining an ice
jam. Furthermore, the Natural Cortal lateral
canyon is only 3 miles fong, alluwing for only a
short jam in Crub Creck, apparenily teo shert,
like Saddle Mountains gap, to provide the fric-
tional locking of ice on ice and on shore to main.
tain a dam for the many ycars reguired if a
muderately proporttioned glacial rivee craded
the Corral canyon.

The Jericho lateral canyvon (Fig. 10) is tan-
dem, its total length of 9 miles aliost coms-

pletdy Lralon i tvo in widbongth Ly the dis-

seowaal,
Ets floor at this Lreakdown is 60 fect abos o Crab
Creck 3 mile 1o the south, yet its cphemeral
drainage fails to find the g4p and poes on west,
parallel 10 Crab Creck, to ond in a cinsed de-
pression only 13 feet above the crock. This
closure is duc to Columbia River's Beverdy Lar,
2 late feature once entirely blncking the Craly
Crecl. valley mouth, and dealt with i a later
paragraph.

Two scquential ice jams therefore would be
required for making the Jericho tandem ¢inyon
2 "run-around”’. What should be the ficld evi-
dence, other than mappable forms, to support

apprearancye there of the south retal

the ice jam theary? Allison (1941, p. 673) cited
"“Ihe dorens of priles of jectergeratied il on
the nuetheast flank of Rattlesnake Hills and in
Cold Creck valley” as proof that great quanti-
tics of Lergs reached the wide Pasco basin.
They, with isolated Lerg “nests™ and lone er-
ratic Louhlers in so many places in the scab-
lands, are irrctutalle evidince for alundamt
fluating glacial ice (see Bretz, 19300, . 110,
Fig: 75 and, where closely spaced, are cqually
guod cvulence fo. . e grounding of lurpe nym-
bers of these Lerzs In Pasco Lasin, they obwie
ously drfivd ashore in a wide semiponded tract,
I deied’y pached in a narrow valley, there
shouid bLe at Jeast as guwd & record.

With this criterion in mind, the two broadest
and fattest Lutie tops enclosed Ly these loaped
laterad cznyons were traversed, Not one creatic
was found, rothing but Lare or nearly bare
Lasadt. Berg ice never made an ice jam along
this scalland route. River ice, aiso used by Alli-
son ind favored Ly Lupler (1944, p. 1493) for
damn.ing and detouring glacial streams, would
inevitally trap many of the abundant bergs,
tnd 2 marginal record of this should survive?

Betio Noteral Coreal and Jericho lateral
Cotyesion Corry pond evidence that they are only
erdarge: s of prescabland drainage wuys
slrexly cut through the sedimeniary rock into
basalt. All the minor gulches entering them
feom Traichnien 11ills 1o the north have cither
hanging or strongly marked Nuickpoint june-
i, Lut thair gradients above the junctions,
projeciid seuthward toward Crap, Creck, find
the Lzsl!s “siand™ Lutte tops oo high. They
Were huiarios to west flowing minor strean-
Aol and somiparaliel 1o Crab Creck
mothe o o he syichinal valivy streamways
ancesirad to Corral and Jericho <anyons.

Those minor gulchies were in cxistence when
the Bl best seablund flood swept the super.
hasalt scdimentary ol the top of the ruck ter-
race ey incise and covered thelr castern walls
with ziver-bar depasits while icaving their up.
strears-faceng walls nearly tare Lasalt. Lower
Crabl Creck's lateral loaps are prescabland local
driinage Lics which, modificd Ly overwlhiclming
flocd discharge, had begun to grow inta an

———— e .
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W To evnlzin the Othello divergs~ce by an ice jam
infowcer Crav, requires a ln!) to the dam 200-300 feet
above thoos Lasalt “islangd’

sumnts,
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LOWER CRAN CREFK 993

anastomosis like that so well developed in
Drumhcller.
Perhaps the present course of Lower Crab

——— e - @

Ficure | 1.—nr,n:.xx,‘.‘ Bax

Its Linear form narrows and lowers southward
for 1}¢ miles. It ig actually made of two parallel
bar ridges with a linear closed depression almost

‘A

I—J.. -.'\ . , ~N
.g.:,s)<o ‘l - Ly

P S
= _.T:.; IS { 3_5<\_/\-

-ty

vy

Mouth of Crab Creek glacial river channel. Part of “Columbia Piver Priest Rapids to Rock Island Dam,
Washington™ map, U. S. Geol, Survey, U. S. Dureau of Reclamation sud State of Washingten. Contour

interval on Iand 10 feet.

Creek s, like that of Lower Grand Coulce,
wholly of glacial-torrent excas ation in the frac-
tured basalt of the steep limb of a fold, and
these datesal canyuns out in the middle of the
structural valley are modifications of ths main
preglacial drainage wavy. *
The Beverly bar (Fig. 11) is defendcd Ly
scabland at the ujstream angle between the
Columbia River and Crab Creck and originally
made a dam across the mouth of the creck
valley. Its proximal end is 125 feet above the
Columbia and almost 100 feet above the sump
in which the Jericho lateral canyon terminates,

1 mile long between them. Sits on the floor of
Crab Creek valley prove that the creck was
ponded Ly the Sar. The creck has since cut a
narrow r3viae 30 feet deep across the low
southern end of the deposit.

Compozition arnd structure of the bar are
well shown in a railenad cut nearly 3Q fect deep
across b higho:, nerthern part. The vestern
ridge is 1 de of much coarser material tho -~ the
castern one. The riverard slope is aimost
wholly of Loulders 3¢ feet in diameter. The
body of this ridze shows long, lee (cas:v :d)
forc-sets, some of them almost entirely or b !
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anastomosis like that so wcll developed in
Drumheller.

Its linear form narrows and lowers southward
for 1:¢ miles. It is actually made of two paralicl

Perhaps the present course of Lower Crab  bLar ridges with a linear closed depression aimost
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Mouth of Crab Creck glacial tiver channcl. Part of “Culumbia Piver Priest Rapids to Rock Island Dam,
Washington™ map. U. S. Geoi. Survey, U. S. Hureau of Heclamation and State of Waskingten. Contour

interval on land 10 feet.

Creck is, like that of Lower Grand Coulece,
wholly of glacial-torrent excas ation in the frac-
tured basalt of the steep limb of a fold, and
these lateral eanyuns out in the middle of the
structural valley are modifications of the main
preglacizl drainage way, *
The Beverly bar (Fig, 11) is defended Ly
scabland at the ujpstream angle between the
Columbia River and Crab Creck and originally
made a dam across the mouth of the creck
valley. Tts proximal cnd is 125 feet above the
Columbia and almost 100 fect above the sump
in which the Jericho lateral canyon terminaltes.

2 mile long between them. Silts on the floor of
Crab Creek valley prove that the creck was
pouded Ly the bar. The creck has since cut a
narruw r3vine 40 feet deep across the low
southern cnd of the deposit.

Composition and structure of the bar are
well shown in a raiirnad cut nearly 30 feet deep
across (b high::, northern part. The vestern
ridge is1 ide of much coarser material the - the
castern one. The riverward slope is ainost
wholly of Loulders 36 fect in diameter. “he
Lody of this ridze shows long, lee (cas:v rd)
fore-sets, some of them aimost entirely o1 b~ !
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LOWER CRAB CREFR 993

anastomosis like that so well developed in
Drumheller.
Perhaps the present course of Lower Crab

Its linear form narrows and lowers southward
for 1} mikes. It is actuaily made of two parallel
Lar ridges with a linear closed depression almost
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Mouth of Crabt Creck glacial river channcl. Part of “Cuiumbia River Priest Rapids to Rock Isiand Dam,
Washington™ map. U. S. Geol. Survey, U. S. Nurcau of Heclamation sud State of Waskington. Contour

interval on land 10 feet.

Creck is, like that of Lower Grand Coulece,
wholly of giacial-torrent exeas ation in the frac-
tured basait of the steep limb of a fold, and
these Lateral canyuns out in the middle of the
structural valley are modifications of tha main
preglacial drainagn way. *
The Beverly bar (Fig. 11) is defended Ly
scabland at the tpstream angle between the
Columbia River and Crab Creck and originally
made a dam across the mouth of the creck
valley. Its proximal cnd is 125 feet above the
Calumbia and almost 100 feet above the sump
n which the Jericho lateral canyon terminales.

a niile long between them. Silis on the floor of
Crab Creck valley prove that the creck was
ponded Ly the bar. The creck has since cut a
narruw ravine 40 feet deep across the low
southern end of the deposit.

Compozition ard structure of the bar are
well shown in a railroad cut nearly 30 feet deep
acroes ik high:, northern part. The vestern
ridgeis 1 .de of much coarser material tho = the
castern one. The riverward slope is aimost
wholly of Loulders 36 fect in diameter. ~he
Uody of this ridze shows long, lee (casiv :d)
forc-sets, some of them almost entirely o1 b~ !
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ders up (o § feet in diameter (PL 12, fig. 1), of the river are aboyt the same; the relief ap-
Other Loulders lie cinbeddid in cobble gravel. Pruximates 1300-1 500 fect. Along Lower Crab
The debris in these deltalike beds, dipping cast Creck,

glacial-stream erusion has bLitten chan.
up Crab Creck valley, was rolled up the gentler ¢ into the basalt 3 mile wide on the bottom

Lar and over the suminit.  (far i €xcess of the creck’s needs), whereas

1as been deep choughand  w (g of the river Jocal drainage along the syn.
swift caough at sume time sinee Cral, Creek  dine hias mady only a narrow, Voshagul gulch

ceased carrying a ghacial river to (hraw this 100- (Johuson Creck) a third of 3 niiie wige at the
foot Larricr aeross the tributary’s moygh. tep.* The Chicago, Milwaukee and St Paul
The Beverly bar js nearly 30 miles down. tailroad, crossing ihe Colunilia $50 [ AT,
stream from he giant current ripples on West (Lridze altitude), follows the floor of Lower
Bar (ncarly opposite Crater Qtarzet, PL1; Cral Crek channel castward to climt only 200
Hrete, 1930b, p, 400) whose altitudes fange  feet in 20 miles. On the west side of the river,
from 150 1o 250 feet above the Columbia and  this railroad climbg nearly 300 feet (in a long
Up to 750 feet:A.T. The giant ripples and the disgonal) 10 8ct 1o the synclinal floor on basalt
bar are probably contemporaneoys, ouly 2 miles in a dircet line from (he tiver,
The Beverly Lar i 20 miles south of Potholes The stecply tilted and possibly fauited noeth
cataract, and its top is about 600 feer lower  face of the Saddle Mountains anticline west of
than the alerrant, cast-dipping gravel near the river is ag wel aligned as the cast side. Rock
Burke. If the (wo gravel deposits, eaen record- outcrers and growing 1alus are ahmost com-
ing a greatly flooded Columbia after the plateau pletely lacking on this scarp. A cover of soil and
glacial rivess had ceased to flow, were ontem-  vegetarion meunts to the summit. Short gulches
Porancous, and if the Columbia then had 2 furree the slope, byt they show few if any out.
surface gradient of 10 feet to the mile, water crops. The debtis-covered {ront descends with
was 400 feet deep over the top of this bar. The gradually decreasing <lope, making a conepicy-
two deposits are not necessanily of the same ARY,  OUs Cup g profile. At the summit, this slope
but there is no reasonable alternative eAplana-  passes in mog Places without a break into a
tion fur the origin of thie Beverly deposit, Saddle $thouth, convex profile over the top.
Mountains 8ap could not have Leen blocked Lzst of the Columbia, the northern face of
when it was made. Because Lhe bar was built Saddle Mountaing s cliffed above an actively
after the last functioning of Lower Crab Creck §rowing talus which in places has mounted only
glacial river, (his ColumUia flood must postdate  half w2y 1o the summiy, 1500-2000 fect above
the last of Grang Coulee's discharge. It is 1o Le Crab Crevk Channe! foor. The talus extends to
added to the floods previously listed, and per- - the bottom of thig channel and has ne concave
haps 1o be corrclated with the Lreak-up of the profic. Locally, landslide is a marked leature
Okanogan lobe dam described by Warers (1933, of the frort. A slide 4 mijes wide between Copfy

p- 763-820), and Taunton (Corfy quadrangle) extends from
The morainclike topography the Letiom of the scarp to the very top, 11¢

valley just upstream from remains of ()ic Moses miles in the horizonty) and 1200 fect vertically.,
Coulee Liockade s between 275 and 300 feet

A h i There is no suggustion of slid:s west of the
above the river, not 1oy high 1o Le corrclated

’ ! fiver; no undercutting Ly 3 great glacial river
with the Beverly Lar deposit and the West Bar

in Columbia

- occurred there,
current ripple nmALs. . . . Although no field evidence is known 1o sup-
One may Lest visualize the CXCOsSive erysion

) port the idea, (he Taunton-Corfyu slide may
dang Lover Crab Creck by comparing the have Leen 1 facior iy initiating the Othello
character of Saddle .\lounxams.and 1s adjacent Channds divergence (PL 1), 1f 50, an under.
syncline cast of (he Columbia (Beverly and .

Smyrna quadrangie maps) with thay west of
the Coluniliy Woylste

" Jorrson Creek hag Leen working through all
i quadrangle map), The POst-difurr ation 1;
altit des of the anticl

inal summit and of the Ume of diversion of glacial w

X i . Coulee, “Ppear. 1o Lave Leen scarcely larzer than
top of the Lasalt in ;e syncline on both sides Juhnson. b e
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994 BRETZ ET AL—CUANNELED SCANLAND OF WASHINGTON

ders up 1o 3 feet in diumeter (Pl 12, fig. 1), of the river are aloyt the same; the relief ap-
Other Loulders lie embeddid in cobble graved. Proximates 1300-1500 fect, Aleng Lower Crab
The debris in these deltalike beds, dipping east Creck, glacial-siream crusion has Litten 5 chan-

nel into the basalt 2 mile wide on the bottom

(far in excess of the ereek's needs), whereas
Clearly the Columbia hias Leen deep cioughand w5 of the river loca] drainage along the syn.

swill cnough gt sume time since Cral, Creek dine has made only 2 nasrow, Voshaped gulch
Cased carrying 5 glacial river to thraw 1his 100- (Joliuson Creek) a third of 3 nie wide at the
fuot Larricr aeross the tributary’y mouth, tep ! The Chicago, Milwaukee and ¢, Pagl

The Beverly Lar jg nearly 30 mijes down- railroad, crossing the Columbia S50 feet AT,
stream from the giant current ripples on Wesy (Lrdge altitude), follows he floor of Lower

Bar (neaily oppusite Crater Ctaraet, L1, Cral Credk channel castward to clim, only 200

Hrete, 19300, p. 400) whose altitudes range  feet in 20 miles, On the west side of the tiver,
from 150 1o 250 fect above the Columbia and s railroad climibg nearly 500 feet (in 5 long
Up 10 750 fect-A.T. The giant ripples and the disgaonal) 10 gct 1o the synclinal floor on basalt
bar are Probably contemporaneoys, only 2 miles in dircet line from the river,
The Beverly Lar 35 20 miles south of Potholes The stecply tilted and pussibly faulted norch
€ataract, and g top is about €00 feer lower  face of the Saddle Mountains anticline west of
than the aberrant, cast-dipping grave] Rear  the river is as well aligned as the cast side. Rock
Burke. If the two grave] deposits, cacy record- outerers and growing talus are almost com.
inga greatly flooded Columbia after the plateau pletely lacking on this Scarp. A cover of soil and
glacial rivers hag ccased 1o flow, were fontem-  vegetation mounts to the summit. Short gulches
porancous, and if the Columbia then had 3 furrga the slope, byt they show few if any out.
surface grudient of 10 feet to the mile, water Crops. The debris-covered front descends with
gradually dccrcnsin; <lope, making a conepicy-

OUs Curave prodile. At the summit, this slope
but there is ng reasonable alternative explana.  pacses in most places without s break into 3

tion fur thie origin of the Beverly deposit, Saddle smouih, convey profile over the top.
Last of the Columbia, the northern face of
when it was made. Because the bar was built  Saddle Mountains is cliffeq above an actively
after the last functioning of Lower Crab Creck §roving talys which in places has mountcd only
glacial river, this Columbia flood must postdate  half W3y to the summit, 1300-2000 fect alove
the last of Crang Coulee's discharge. It is 1o be Crab Crevic Channel fleor. The talus extends o
added 1o the floods previously listed, and per- the bottom of this channei and has no concave
haps 1o be corrclated with the Lreak-up of the profic. Locally, landslide is a markeq feature
Okanogan lobye dam described by Waters (1933, of the frort. A slide 4 miles wide Letween Corfy
P. 703-820). and Taunton (Corfy quadrangle) extends from
The morainctike topography in Columbia the Letioim of the s€arp to the very 1op, 11¢
valley just upstreum from remains of the Moses niiles in the horizontal and 1200 feet vertically,
Coulee bilockade is between 273 and 300 feet There is 1o SugZestion of slid:s west of the
al.x')\'c the tiver, not tou hnigh to be corriiated rivers no undcrcuuing by a great glacial river
with the .Hc\'crly Lar deposit ang the West Bar occurred there,
current ripple “‘3‘?'5- ) . ) Although no ficlg evidence is known (g sup-
One may bLest visualize the CXCCSSI\'C'UVSAOH port the idea, the Taunton-Corly slide may
ilong Lower Crab Creck "")' cnm'pnrm.g the have Leen factor in initiating the Othello
dmra’chrr of Saddlc .\Ioun(ams'nnd its adjacent Channgls divergence (PL 1), 11 59, an under-
syncline cast of the Columlbia (Beverly and —
Smyrna quadrangle maps) with that wesg of

: 5 " Juhnson Creek has been working through all
the Coluniliy Woylsien Quadrangle miap). The Post-difurr-ation tine. I ower Crab Creck, ups ta the

altiv des of the antickinal summit and of the  lime ol diversion of glacial water down Grand

. N . Coulee, uf, 2710 have Leen scarcely larger than
top of the Lasalt in the syncline on both sides ]‘,hnmn,qw N oy
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ders up (o § feet in diumcter (P, 12, fig. 1),
Other Loulders lie cmbeddid in cub
The debris in these de
up Crab Creck valicy,

ble graved. Proximates 1300-1 509 fe
ltalike Leds, dipping cast  Creck

was rolled up the gentler ile wide on the bottom
in excess of the creek’s needs), whercas
wist of the river Jocal drainage along the syn-
dine has made only a nareow, Voghayuqd gulch
(Johneun Creek) a third of 3 miite wide at the

top* The Chicago, Milwaukee and Sy, Paul
The Reverly bar s nearly 30 miley down. tailroad, crossing the Columlia 350 feet AT

Straam from the giany cuerent ripples on Wesq (Lruige altitude), follows the floor of Lawer

Bar (ncarly oppusite Crater Quarzet, Lot Crap Creek channel castward to clim, only 200
Brete, 19300, p. 100) whose altit feet in 20 miles. On the wost side of the river,

from 150 1o 250 feet above the Colunibia and  this railroad climbg nearly S0Q feet (in a long
. The giant ripples and the diagonal) 1o 8ct 1o the synclinal floor on basalt

bar are probably contemporaneoys, only 2 miles in 2 dircet line from the river,
¢ Beverly Lar is 20 miles south of Potholes The stecply tilted and possibly faulted north
cataract, and jtg top is about (0O feet lower face of the Saddle Mountaing anticline west of
than the aberrant, cast-dipping grave] near  the river is ag well aligned as the cast side. Rock
Burke. If the two gravel deposits, cacy, record- outcrurs angd growing talus are alimost com-
ing a greatly flooded Columbia afier the platcau pletely lacking on this scarp. A cover of soil and
slacial rivers hag ceased to flow, were ontem- vegetation meunts to the summit. Shory gulches
Porancous, and if the Columbia then had 2 fyrrgu the slope, hut they show few if any out.
surface grudient of 10 feet to the mile, water crops, The debris-covered front descends with

gradually dccrcnsing slope, making a conepicy.
OUs Culrave profile. At the sumniit, this slope
Passes in most [laces without a break into a2
smouth, convex profile over the top.

Last of the Columbia, the northern face of

Saddle Mountaing is clifl
ing of Lower Crat, Creck growing

Ceased carrying a ghacial river to throw this !0g.
[vot Larrice across the tributary’s moyth.

Asonable alternative eaplana.
tion fur the origin of the Beverly deposit, Saddle
Mountains 83p cuuld not have Leen Llocked

ed above an actively
talys which in places has mountcd only
half vay 10 the summit, 1500-2000 fect alove
Crab Crevk Channel fleor, The

has no concave
profic. Locally, landslide is 2 markeq leature
of the fror. A slide 4 miles wide between Corfy
and Tauntor {Corly quadrangic) extend, frum
the Lotioim of the scurp Lo the very lop, 11¢
valley just upstream from remaing of the Moses miiles in the horizontal and 1200 fect vertically,
Coulee blockade is Letween 275 and 300 feet

A h ! There is ng SUgEvstion of slid 5 wesy of the
above the rver, not tuu high (o Le corrulated

river; no undereutting by 3 great glacial river
. . o g ' N ’

with the .Ilcn.rl) bar deposit and the 1y est Bar occurred there,

current ripple magks.

One may bLest visuali
aslong Lower Craly Cr
character of Saddle Mo
syncline cast of (4

p. 703-820).
The morainclike topography in Columyia

| . ) Although no ficlg evidence is known 1o sup-
chl ': c““““?"""f\" port the dea, (he Taunton-Carfy siide may
ceR Ly c(;n?pann‘g e pave been 2 facior in initiating the Othello
umams':m its adjacent Channdls divergence (Pl ).
¢ Columbia (Beverly ang

- Idra .y —

Smyrna quédnnblg maps) with that west of " Juhrson Creek has been workin
the Coluniliy Moylstun quadrangle map}. The Post-dfurn ation tine, fower Crab Creck, up s the
altit des of the anticlinal

summit and of (he time of diversion of glacial water doun Grand
top of the I,

, X . Coulee, “lpe2r. to have bLyen scarcely larger than
asalt in e syncline on both sides Johnsen, v oy
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‘a the same; the relief ap.
< feet. Along Lower Crab
trcum crosion has bitten a chan-
«alt a mile wide on the bottom
of the creck’s needs), whereas
¢t local drainage alung the syn-
only & narrow, V.shaped guich
-) a third of a mile wide at the
vago, Milwaukee and St. Paul
g the Columbia 550 Let AT,
¢}, follows the floor of Lower
utiel castward to climb only 200
- On the west side of the tiver,
mls nearly 500 foct (in a long
* tu the synclinal floor on Lasalt
3 direct line from the river.
dted and possilly faulted north
lle Mountains anticline west of
W aligned as the cast side. Rock
rowing talus are almost con-
n this scarp. A coves of soil and
‘1s to the summit. Short gulches
» but they show few if any out-
i.s-covcr_ed froat descends with
1sing slope, making a conspicu-
e, At the summit, this siope
plices without a break into a
prufile over the top. ’
ol: %34 | the northern face of
ﬂs-}ﬂed above an actively
ich in places has mounted only
summit, 1500-2000 fcet above
el floor. The talus extends 1o
is channel and has no concave
landslide is a marked feature
de 4 miles wide Letween Corfu
oty quadrangle) extends from
1€ scarp to the very top, 117
‘untal and 1200 feet vertically,
xestion of slides west of the
stting Ly a great glacial river

<hl evidence is known to sup-
he Taunton.Corfy slide may
tor in initiating the Othello
ace (I 1). I so, an undes:-

-

< has Leen working through alf
xe. Lawer Crab Creek, up ta the
€ glacial water down Grand
“have been scarcely larger than
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Interval for continuous contours 10 feet, for dashed contours 25 !-21. From U. S. Bureau of Reclamation
topograpitic map R4.5720, sheet 2.

cutting of the mountain front by an earlier
flood down Crab Creck alone secms required.

the Saddic Mountain ant ciine (much as Drum.
heller Channels crocs the Frenchman Iills fold),
and the distribsiamy Kesatz group (Fig. 17)
crosscs farthicr southwest, traversing a plain of
sedimentary rock (Rirgnld farmation) to reach
the Colun.Lia valley in the Pasco basin. They
carricd water from Qsincy basin that failed 1o
follow the Lower C:at Creek channci. The
crossing was made 2t the eastern low terminal
portion of the azticiine and was initiated on a
cover of sedimientary reck, in part folded but
Two groups of glacial-river channcls lead morc largily of urfeides Fungo'd. Deep trench-
south and scuthwest from Othello basin (PL.1);  ing into the daformc Lieslt flows Lencath hag
the Othello group (Fig. 12), crosses the axis of made part of Othelic Crarnels almost as wild

OmieLLo AND Kootz Covtes CHANNELS
AMaps: Connell, Eltopia, Manford, Othello and
Scooteney Laie, U'.S G.S., R4-5720, 0
theets 2 and 3; U’ S.B.R.

(Bretz, Smith, and Ne)

“POOR Cury KRECEIVED”
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:a the same; the relief ap.
[V lect. Along Lower Craly
teum crosion has bitten a chan.
«alt a mile wide on the bottom
of the creek’s nceds), whereas
¢t local drainage along the syn.
unly a narrow, V-shaped gulch
-} a third of a mile wide at the
vago, Milwaukee and St. Payl
g the Columbia 550 fuet A7,
¢), follows the floor of Lower
nnel castward to clinb only 200
- On the west side of the river,
mls nearly 500 feet (in a long
* tu the synclinal floar en basaly
2 direcet line from the river.
dted-and possibly faulted north
lle Mountains anticline west of
laligned as the cast side. Rock
rowing talus are almost com-
n this scarp. A cover of soil and
'1s to the summit. Short gulches
. but they show few if any out-
i$-covered front descends with
1sing slope, making a conspicu-
dle. At the sumnuit, this siope
plices without a break into a
profile over the top, '
olr#%3  the northern face of
ﬂi-j‘iﬂ'ed above an actively
ich in places has mounted only
fummit, 1500-2000 fect above
el floor. The talus extends to
is channel and has no concave
landslide i¢ 2 marked feature
de 4 miles wide between Corfu
t{u quadrangle) extends from

a€e scamp Lo the very top, 13

‘ontal and 1200 fect vertically.
<estion of slides west of the
stling Ly a great glacial river

ol evidence is known to sup-
he Tauntoen-Corfy slide may
tor in initiating the Othello
ace (I 1), It $0, an under-

< has Leen warking through all

Te. Lm\-.er Crab Creek, up o the
€ gplacial water down Grarnd

" have Leen scarecly larger than
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FIGURE 12,—Map or
Interval for continuous contours 10 fect, for dashed contours 25 f-aq. From U.

topographic map R4.5720, sheet 2.

cutting of the mountain front by an earlier
fleod down Crab Creck alone seems required.

OtiELLO AND RoovnTz CovtEe CHaNNELS

AMaps: Connell, Eltopia, Ilanford, Othello and
Scooteney Lale, U' S G.S.; R4-5720, O
sheets 2 and 3: U S.B.R.

(Bretz, Smith, and Nef)

Two groups of glacial-river channels lead
south and scuthwest from Othello basin (PL. 1);

the Othello group (Fig. 12), crosses the axis of
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the Saddic Mountain arntciine (much as Drum.
heller Characls croes the Crenchman Hills fold),
and the distributary ¥eontz group (Fig. 17)
crosses farther southwest, traversing a plain of
sedimentary rock ‘Ringnid {nrmation) to reach
the Colunbia valley in the Pasco basin. They
carricd water from Quiney basin that failed to
follow the Lower Crit Creek channci. The
crossing as made at the eastern low terminal
portion of the azticiine and was initiated on a
cover of sedinientary r<k,.in part folded byt
more largdy of urisides Ringold. Deep trench-
ing into the deformes Laealy flows Leneath has
made part of Othelin Channels almost as wild
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‘a the same; the relief ap-
o fect. Along Lower Crab
teaum crogion has bitten a chan-
salt a mile wide on the bottom
ol the creek’s needs), whereas
¢f lucal drainage alung the syn-
only & narrow, V-shaped guich
-) a third of & mile wide at the
vago, Milwaukce and St. Iaul

1g the Columbia 550 et AT

v), follows the floor of Lower
ntiel eastward to climb ouly 200
- On the west side of the river,
mbs nearly 500 fcet (in a long

*.tu the synclinal floor en Lasalt

a direet line from the river.
Mted and possibly faulted north
lle Mountains anticline west of
I aligned as the cast side. Rock
rowing talus are almost con-
n this scarp. A cover of soil and
s to the summit. Short gulches
» but they show few if any out-
$-covered front descends with
15ing slope, making a conspicu-
ile. At the summit, this siope
plices without a1 hreak into a
prafile over the top. ’
olZ%a | the northern face of
ns-]ﬂ'ed above an actively
ich in places has mounted only
fummit, 1500~-2000 feet above
el floor. The talus extends to
i channel and has no concave
landslide is a marked feature
de 4 miles wide Letween Corfu
"ty quadrangle) extends from
1€ scarp to the very top, 1}
‘ontal and 1200 feet vertically.
Restion of slides west of the
stting Ly a great glacial river

<l evidence is Known to sup-
he Taunton-Corfy slide may
tor ia initiating the Othello
ace (M ). 1t s0, an under-
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< has Leen working through all
me. Luwer Crab Creek, up to the

e glacial water down Grand
P have been scarcely lazger than
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Interval for continuous contours 10 fect, for dashed contours 2¢ f-»y. From U. S. Bureau of Reclamation

topographic map R4-5720, sheet 2.

cutting of the mountain front by an earlier
flood down Crab Creck alone seems required.

OTHELLO AND RoONTZ CovLEe Cianners

AMaps: Connell, Eltopia, Nanford, Othello and
Scooteney Lale, U SGS.; R4-5720,  °
sheets 2 and 3, U’ S.B.R.

{Bretz, Smith, and NeM)
Two groups of glacial-river channels lead

south and scuthwest from Othello basin (P 1);
the Othello group (Fig. 12), crosses the axis of

the Saddle YMountain articline (much as Drum-
heller Charnels croes the Frenchman Hills fold),
and the distributary Kegnts group (Fig. 17)
crosscs farther soythwest, traversing a plain of
sedimentary rock (Rirgnld formation) to reach
the Colun.bia valley in the Pasco basin. They
carried water from Quiney basin that failed to
follow the Lower Crat Creek channei. The
crossing was made at the eastern low terminal
portion of the azticiine and was initiated on a
cover of sedimentary reck . in part folded but
more larguly of unfoide Ringold. Deep trench-
ing into the deformed Laeaht flows bencath has
made past of Othelic Ciannels almost as wild
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a scabland topography as Drumhcller, although
only a third as wide and a [ourth as Jong,

The outstanding rock Lasin of Othello Chan-
ncls, containing Scooteney Lake in the buttom
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Connell (1M, | ). The plain (Paradise Flats) over
luiks glacial drainage channels {rom the War-
den cataracte 1o Washtuena Coulce. The west-
facing scarp is almost continuous from Lind
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Peredise Figr, 1000
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Fletg
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MiLES

Ficuxe 13.~Proutirs Alkoas Olierio Ciansgrs
Looking north, a—Norhiast-southwoest profile acruss head of Channels, showing four succestive channel
floors, Taunton-Anson terrace profile, dotted, drawn for A par.ticl cross section 23 U miles farther northwest,
b—Ncarly cast-west profiic where Channls transeet Sad:le Mountaing anticline. About 7 miles southeast

of scction in Figure a.

(Scootency Lale map), has a closure of 133
feet!* Like Drumbclier, Othello Channcls has
a scarped residual hill of the once-overlying
sedimentary rock, more than a mile across and
its summit nearly 200 feet above the highest
adjacent basalt sezbland. East of this hill,
Othello’s largest channel is a mile wide and 100
feet deep in the sediments but is floored by
basalt (Fig. 12).

East of Othello Channels is a plain a few
miles wide determined Ly the flat-lying Ringald
formation and constituting a prominent topo-
graphic feature from Warden 20 miles soath o

———

Coulce to Esquatzel Coulee, and its base de.
scends 200 feet in 20 milcs,

The northernmost 8 miles of Othello Chan.
nels divergence (Othello quadrangle map) lics
in the Othello basin where the record is largely -
in broad treaches without Lasalt scabland but
with aLundant evidence of the magnitude and
transparting ability of the glacial discharge.
Here four distinct, successive, terracelile chan.
nel-floor levels, separated by scarps, are recog-
nizzble in the field and on the Burcau of Recla.
mation contour map R4-5720, sheet 2 (Figs.
12, 13), each younger one trenched into the
bottom of the immediately carlier one. All these
chanacls shified southwustward, in the plans
of the cross section, The youngest, still intact
and full of undrained dupressions, has no con-
tinnous gredient of its bottom for its 8 miles of
length. A little farther north, 2 remnant of the
highest channcl fluor, the ‘Taunton-Anson ter-
race, lies against the face of the mountain (secs.
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s, }hou‘iy four successive channel
seting 238 miles farther northwest,
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. About 7 niles southeast

atzel Coulee, and its base de-
10 20 miles.
most 8 miles of Othello Chan-
(Othello quadrangle map) lics
uin where the record is largely
= without basalt scabland but
evidence of the magnitude and
ity of the glacial discharge,
L successive, terracelike chan-
separated by scarps, are recog-
I and on the Burcay of Recla.
map R4-5720, sheet 2 (Figs.
dunger one trenched into the
sncdiately eatlicr one. All these
!‘wulhwcstward, in the plane
“*u. The youngest, still intact
“3ined depressions, has ro con-
ol its botiom far jts 8 miles of
atther north, a remnant of the
thour, the Taunton-Anson ter-

thee- ’cof the mountain (sccs.

OTHELLO AND KOONTZ COULEE CHANNELS

10, 11, 14, 15, T. 1S N., R. 25 E.) and drops
off 100-150 fcct directly to the bottom of the
lowest channel. This terrace is surfaced with at
least 28 feet of gravel and boulders.

These channel floors aic strewn with Loul-
ders. Excavators found Lasalt blocks so large
that, even with modern cquipment, the boul-
dets could not be moved without blasting. They
must have come from Drumhecller, travilling
across the scdimentary rock then flooring
Othclio Lasin for 10 miles on a gradicnt of about
15 feet to the mile. Not one of the channel ter-
races records a leisurely river of modcrate size,

Another significant feature of this broad,
headward part of the Othello divergence is a
low, lincar gravel mound a little above 1110
feet AT, margining a part of Paradise Tlats
on the brink of its western searp. A mile cast
of Othcllo town two active pits in it showed al-
most no boulders of Lasalt but many of caliche.
The gravel is forc-set-bedded and dips domi-
nantly southeastward diagonally away from the
highest char.nel, at the top of whose Liufl it lics.
Immediately cast of this deposit, the Flats have
caliche in place to the grass roots. This gravel
constitutes a channd margin bar, a kind of
natural levee, like the one southeast of Moses
Lake town and is, insofar as known, the highest
record of glacial water using Othello’s scabland
channcls. The desceant from the brink of Warden
cataract to this place is 14 feet per mile. How-
ever, the surface gradient of the river piobably
was greater because the first altitude is on a
channe! floor, the second is a channel-margin
record. Absencce of basalt boulders suggests that
the levee bar antedates excavation in Lasalt at
Warden cataracts.

This complex of channcls across the castern
tip of the Saddle Mountains anticline (Fig. 12),
composed of three western, canyonlike, paralicl
slots cut in basalt and one mile-wide, cqually
deep cecten channel cruded Largely in weak
sedimentary rock (Scootency lake quadrangle
map), poscs a problem of origin and succession
in devclopment. Only if the preglacial surface
of the sedimentary cover at the site of the
Channels were lowest where the natrow notcies
developed would any such gashes in baslt be
made. Ounly il glacial water demanded greater
width than the 3 miles across the basalt portion
or if these paskes were chioked with ice would
discovery of the soft-rock route accur. Nut Ly
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the time this happencd the deep, slotlike can-
yons and rock basing were cssentially complete,
Downstrcam sills of two of them are but 10 and
30 feet higher than the basalt floor of the soft-
rock channcl and one is SO feet lower™ No
detailed succession of repeated floods through
Othello is determinalile at prosent, but prob-
ably the Lasin had no preglacial outlet angd
Lower Crab Creek glacial channel must date
from the inception of Othello Channel,

In the lee of the isolated hill in the middle of
the Otldilo group is a Larlike mound, tapering
to a pint about 4 miles farther south (Fig. 12).
It has 3 core of Ringold but is heavily veneered
with scablund gravel. Its mapped surface has
the - me sugpestive A's as are shown in the
coi s of the Burcau of Reclamation topo-
Ere ..o map for the hills separating the three
Quincy Lasin chanucls. They indicate subflyvial
mokding by a current crossing diagonally south-
westvard from ove:flow out of the castern
channel. Alter molding came the scarping and
possibly 100 fcet of channel deepening on each
side to make the taper form. The depocit-may
be comparalle in orgin 10 the high gravel rem-
nant it Bacoa synchie. .

Beyord the end of this barlike forin, all
Othielly channcls become one, the Ringold hav-

ing beez sept off the basalt for a width of 10 -

miles ar.d a cover of gravel left, interrupted by
a few minor scabland tracts. About 10 miles
south of the isolated Lill, this wide, strcam-
swept tract breaks up into separate channel-
ways with flat-top;icd, steeply scarped, prow-
pointed, isclated hilly of Ringold scparating
them. Juckass Moustain (Eltopia quadrangle)
is the southernmost of these residual clevations
which divled the Othello Channcls discharge,
Part goirg southwestward into the Koontz
Coulee group and part southcastward into
Esquatzd Coulee, Lut both eventually reaching
Pasco Lasian (DL 1),

The Koontz Chanucls (Fig. 17; PL. 1) consist
of two groujss, one with channel heads as much
as 20D fect higher than, and truncated by the
scarps of, those of the Inwer group. This trunea-
tion records at leact two episodes of glacial-
—_—

* Oiic rmust be on bis guard in dealing with bot.
tom giadicnt of these unconventional gant rivers,
This 80 fost lower, dow natream sill must be balanced
AZainst ax unstrcam sl %0 fect higher than the soft-
roch elanied head.
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river discharge out of Othello Channels and
across the Rillguld p'uiu.

Yet these higher Koontz channcls do not
record ihe carliest glacial discharge across this
plain. Strcams that mwade no channels Joft a
widespread mantle of boulderless caliche and
basalt sund and gravel, containing grauite,
quartzite, and Ringuld pebbles, and overlying
caliche in situ, 50 feet or mor¢ above the figors
of the highest Koontz channels, On the suramit
of White Blufls, ovirlouling the Columbiy 500
fect below (in "I 10 and 1] NLR.28and 29 1.),
this glacial stream debris s fore-set-bedded,
dipping up to 15° S. and SE. Its altitude, 900
feet A.T., is only 200 fcct lower than the natural

*levee cast of Othello town, nearly 25 miles up-

straam. The bedding and mantle character
prove that berg transportation was not -
volved. Was this carliest record on the Ringuld
plain made Ly ordinary meltwater streams? Is
it to be grouped with the high gravel of Bacon
syncline, the unchanncled, Loulderless sand and
granule gravel in western Quincy basin, and
the fine gravel sppatently underlying the
marked bars in Washtuena Coulce? Ts it pos.
sibly preflood outwash:n Did it come from -
completely filled Washtuena instead of Othelly?

The featureless Mat traversed by the Pothales
Fast Caual (Fig. 17; V1. 1) 2 miles west of Mesa
(Scovtency Lake quandrangle) has a southwaed
slope and, on the Bureau of Reclamation con-
tour map, carries numcroys A's of contour loops
like those in Quincy basin. The flat is covered
with about 10 feet of very coarse gravel con-
taining many 1- to 2-foot boulders i.nd locally
overlying remnants of Ringold. This gravel
canie from Othello Chanmndls and was carricd
at least § miles on a gradicnt of about 20 fect
to the mile without the development of channdls
or bars. It seems that the near-by channels i
basalt and Ringold did not then existand that
the flood water was too heavily laden to do any
deepening on this gradicnt. Corrclation of this
flat with some of the higher, hanging Knontz
channdls scems feasible and would placeit in the
record of the sccond discharge out of Othello,

—_——

" A Nureay of Reclamation test pit in SW 17
Sec. S, T. 11 N,R.29F, found, in descending order,
S feet of sandy silt, 11.7 feet of coarse sand with
caliche gravel, 2 {cet of fine, sandy silt, 5.3 fect of ha.
salt sand and caliche fragments, beneath which was
at lcast § feet of very compact caliche.

~e¢

If cotreet, there Wwas no open Washtucna-
Esquatzel Coulee at that time. Probable Ring.
old scdiments beneath scabland gravel in Jower
Washtuena indicate that the platcay drainage
3ystem was well developed in basalt before
Ringuld  depasition, This part of the pre-
Ringold Washtuena-Esquatzel Coulee may
have been seill uncxhumed when this second
glacial discharge took place. Or it may have
held a normal outwasl, of prefluod age.
Re-excavation came alter deposition of the
gravel cap on the flat west of Mesa and way
cflected by glacial flood waict. Scabland chan-
nels were also initiated in later stages of this
second flooding although most of them were
decpened during later floods. Younger bars
superposed on older bars in Esquatzel, de-
scribed in later paragraphs, require at feast
a fourth flood.

The northeramost Koontz channel does not
reach the Columbia. It opens westward o) g
Ringold plain at about 800 feet A.T. (Hanford
quadrangle map) which descends Lo 700 fect 4
or 5 milcs farther west and there terminates
in the White BlufTs summit (Fig. 17) 300 feet
abouve the river. This channel has a small dis-
tributary Langing about 73 feet higher at both
etuls; thercfore it is not to be explained as a
shallower contempoarancous spillway,

These channdls differ from all others of the
group in failing to reach the Columbia blufls.
Lack of channeling across the intervening plain
indicates that a Columbia flood covered the
flat when they functioned.

All other Roontz channels reach the bluff
SUMmits a few iniles farther south and have
hanging mouths. In Rs. 28 E.and 29 E. (Han-
ford and Scootency Lake quadrangles) deeper
channels truncate shallower oncs to provide
nutchies in the cliff summit ranging frum 52§
to 775 feet AT, all within a $-mile length of
the blufl. Not all differences in altitude can be
imputed to differing depihis of water in con-
temporancously opcrating channels and do not
seam adequately explained Ly a lowering of the
Columbia during one cpisode of Koontz channel
activity. From the channcl-mouth relations of
the entire group, there appear to have been at
least three cpisodes, ecach succeeding onc find-
ing a lower Jevel of water (or debris) in the
master valley,
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EARLIER FLOODING IN QUINCY AND OTIIELLO BASINS 29

EaxrLirr Froopixe 1N Quincy axp
OmiieLro Basins

(Bretz and Nifl)

For simplicity and clarity, discharge of
Warden catar. -ts has been presented as part
of the cardie~t glacal oveflow {rem Quilcy
basin, coineident with that over the three
wesiern cataracts and with the discovery of
basalt in auy outlet channel bottoms. This was
the writers' interpretation in 1952, Nefl's
subsequent studics, however, have uncoveral
cvidence of carlier and higher floodings, the
reeond apparendy convincing but not detailed,
and with somce corrclations uncertain.

Nefi’s evidence consists of  hundreds of
ereatic hlacks on the north stape of Frenchman
Hills and the east slupe of Babcock-Fyergreen
Ridge, sume in clusters, some with associated
gravel, up to 1360 feet AT, In addition is a
significant little stream-cut notch across the
Evergreen summit a mile north of Frenchman
Spring cataract, its floor at 1350 having a
deposit of west-dipping fore-set gravel S fect
thick and terminating at the western end in a
cirquelike waterfall alcove, well shown on
Sheet 2 of the U.S.B.R. map R<-3720.

A few boulders have been found at a com-
parable altitude along the cast side of Quincy
basin, and a tract several miles wide (cast-west),
denuded of its Palouse locss down to a caliche
zone, margins the Willow Creck-Moses Lake
trench from Rocky Coulce to Warden and lics
below an altitude of about 1350. This Jat has
almost no southward gradient for the 15 miles
of its length, and it disappears in the latitude
of the cataract. It reappears at a lower cltitude
east of Othcello town, south of the Frenchman
Hills and Lind structures, with a caliche pave-
ment under a thin loess, and there has stream
gravel up to 1160 fect AT,

These boulders and this flat in Quincy basin,
100 feet higher than the Warden cataract Lrink,
indicate that the sudimentary cover at the sije
of Drumbhicller was sufficiently thick and ox-
teusive to have Lridfly held back the body of
water responsible for flotation of the bLoulder-
carrying bergs and the scour of locss from the
flat. There must have Leen adequate volume to
supply this discharge and the four spills acr
Babeock-Fvergreen, three of which became &
great cararacts in later floods.

Othcllo basin has some erratic boulders on
the south slupe of Freachman Hills up to 1180
feet and apparently must have been sufliciently
enchined for their flutation. The residual hill
in the middle of Othcllo Channcl is good evi-
dence that this Lasin’s south rim originally
stoad ligh cnnugh for such closure. A low
suamit notch on Frenchiman 1hlls (See. 21,
T. 17 N, R.26 1. Smyraa map), altitude about
1370 fect AT, «parates boulders at 1360 on
the north from boulders scarcely 2 miles distant
on the south at 1150, A 10 fout greater depth of
flord water in Quincy basin would have spilled

- actns this preglacial divide. Since the caliche

cap in the notch is intact and there is no scour
on the slope down to 1180, water in the basin
apparenty never has stood higher than 1360,

Othello Channels has an accessory stream
chauncl ucruss Suddic Mountains ridge with a
floor at 1130-11¢0 in a notch originally
hottomed at 1190 or less (Fig. 12). A naghbor-
ing notch flonred 2t 1210 was not used. The
two lic about 3 miics west of the main Othello
scablund (>co teny Like quadrangle map).
Discharge through the channcled notch appears
to have gone dove r-Ly, kigh-level Koontz
channel in oW c.

At the tin 2 ¢f earlicst-recorded Othello
basin flouc.ig w .acharge across Saddle
Moustains axis, 20 well-opened Lower
Crab Credk valiey czlsted or the water gap of
the Columlbizx wcst was closed. Ponding
in Pasco Lzeln, ar? tierefore in the gap, cannot
explain the dischorze southward across the
anticline. I'easiLly the great Tauntun-Corlu
slide war a fuctor, Lot it is much more probalile
that the courze of Lower Crab was still largely
unexcavated Lelo v the levid of the Royal Slope,
a broad sirect t.rzaze above 1130 and some
25 miles farihier vt Tnitiation of both Lower
Crab and 0Ly chonacls apparently came at
this tine.

Wasinuveva Cotiee

Maps: Benge, Cownell Fltopia Hacs, Washtucna
quadicrzlr iz USCS., R4-5720, sheet
3, USL.R
(Bre:2 and Smith)

Tncivage

Gluacial drainzage “r2m the north entered the
preglacial Peluus: River valley in mid-length
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and followed it for about 25 miles, denuding
more than 750 square milcs of the Chency-
Palouse’ scabland tract. In the vicinity of
Hooper and Washtucna, where the Palouse and
Snake rivers were flowing parallel and about 10
miles apart, the distribution of scabland shows
that a large portion of this glacial water
escaped southward from the Palouse Valley
across the divide and cntered the canyon of
Snake River, making scabland of the divide top
(P'L 1). Palousc River today is detoured from
its former course along now streamless Wash-
tucna Coulce into a striking, joint-determined
scabland canyon which cuts through the pre-
glacial divide. For some reason, perhaps in-
complete re.noval of Ringold fill or of pre-
scabland glacial outwash in the old course,
Washtucna Coulec could not carry very much
of the glacial water. Bretz insisted that the
divide crossing was becausc of a volume far too
great for Washtucna's capacity. Allison would
doubtless explain the short-cut by an ice jam
somewhere down the abandoned valley. Flint
specifically rcferred the spillover (o an aggrada-
tion of the lower Palouse Valley (Washtuena
Coulee) until overflow was inevitable. e
supposed “a very low route” available across
the breached divide. Washtucna Coulze has
another scabland short-cut 10 the Snake across
the divide, 15 miles farther west—the streamiess
Devils Canyon.

Near Conncll, about 35 miles down Wash-
tucna Coulee, the character of the old valley
changes considerably with entrance near that
town of glacial drainage fiom Othello Channels.
Thence downstream, it is known as Fsquatzel
Coulee. Some hitherto undescribed and some
disputed features of Washtucna-Fsquatzel are
significant for a successful theory for the origin
of scabland.

Staircase Rapids and its Bor

Staircase Rapids bar, 1-3 milcs north of the
town of Washtuena (Fig. 14; PL. J; Washtucna
quadrangle map), lies in the mouth of a
tributary cntering from the north at the head
of the abandoned portion of the prescabland
Palouse river valley. The bar was made by a
small, divergent strand of water escaping west-
ward from the Chency-Palouse tract and
entering Washtucna along the short tributary to

e s immm e P o e m———ae—

the old Palouse. The deposit, 150 fect thick, lies
in the last 2 miles of this tributary but does not
make contact with the east side. Flint (1938,
p- 478-479) noted (1) south-dipping fore-sets in
this bar as constituting “more or less flat-lying
lenticular courses” instead of delta fore-sets,
(2) terraces on the south face of the deposit
which Bretz had described as a deltalike front,
(3) cut-and-fill bedding, and (4) failuse of fore-
scts (o paralicl the castern slope, also in-
terpreted Ly Bretz as a constructional front.
He eoncluded that the deposit is but a remnant
of a more cxtensive valley fill, and held that
the unfilled castern part of the tributary valley
mouth was the result of subisequent disscetion
because he fuund “a thin bLut distinet covering
of identical material” on the eastern slope.

Alison (1941, p. 69) accepted Flint's interpre-
tation although he upheld Bretz's view that the
eastern front had “constructional lobings . .. ."
because of “a reshaping. ... [by] a later dis-
charge™.

Fliat's interpretation of Staircase Rapids bar
containg faulty reasoning and is Ia serious
conflict with scveral lines of ficld evidence.

(1) 11 Lis general picture is to be internally
consictent, his cpisode of aggradation must have
begun, in this region, with deposition at the very
bottom of the preglacial Palouse Vallcy and its
equally deep major tributary, Cow Creck, which
enters from the north. For the Staircase
divergent spillover to occur from his “shallow”
Chency-Palouse river, the floor of Cow Creek
valley had to be aggraded until it was close to
the altitude of the divide at the head of the
Stuircase tributary (Fig. 14). At present that
wouid require nzarly 400 fect of filling in Cow
Creci vallcy. This figure should be reduced by
whateves deepening that valley had during
scabland making. The three rival interpreta.
tions, however, consider present depths ¢f the
main preglacial valleys largely to date from pre.
scabland time.

Orly gradually could main vallcy bottoms
have been raised by the procedure on which
Flirt insisted. Thus the mouth of the Staireas
tributary gulch would inevitably have become
back-filicd from Washtuena's rising fill long
befeze the Papids could take origin. Four
hundred fect of filling in Washtucna would Lave
back-lled the tributary mouth 100 fect higher
than the present top of the deposit and would
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have produced only back-dipping fore-sets, if
any. Only at the very last of Ylint's cpisode of
aggradation could any glacial watee have been
detoured from Caw Creck dowa Staircase. It
would have found the little valley mouth
alrcady filled!

(2) The head of Staircase Rapids, interrupted
by a small locssial island, is 3! miles wide, and
the brink of the uppermost falls is 1625-1630
feet ACT. The “bar” sutfuce, 4 miles down-
stream, is 1300-1323 feet AT, Flint took that
surface and associated thin graved to the cast
to e “remmnants of a continuous fill graded to
the fill in Washtuena Coulee”. The gradient of
any hll along the Staircase tributary valley
therefore was 75 fect or more to the mile. It
can be reduced to about 50 fect by considering
the “bar” surface originzily to have been 100
fect higher. Even this is an impossibly stecp
gradient. A proponent might conccive therefore
that this channc! never had a fill upstream from
the “Lar”, that its scabland was made during
the general aggradation, not afterward as Flint
believed.

(3) 1t is impossible however to adjust this
alternative to the fill-and cut theory because a
niile west of the head of the Rzpids the western
part of this divergent Chieney-Talouse strand
entered its own separate spilliuay at close to
1675 feet AT, (Fig. 14). For Flint's shallow
glacial river ever to reach the head of this
westernmost strand, a fill neatly 80 feet thick
must have existed where the spponmost cataract
Lrink now stauds. Thus a once-continuous fill
along the Staitcase tributary to the “bar” is
dcmanded, and its gradient must have been
nearly 90 fcet to the mile, instcad of, his
estimated 13 fect for the aggredation in the
Chency-Talouse-Washtuena tract.

(4) There i+ however, ro grudient shown on
the topographic map for the entire 2-mile
length of the “bar™. Instead, an undrained sag
a mile long occupies the villey bottum at the
kead of the bar and, upstream {rom it, descent
over the Rapids is 330 fect in a trifle more
than 2 miles.

(5) Furthermore, the bar top is 100 feet lower
than bases of locssial scarps 3 miiles disiant,
almost dircetly across Washtuena Cuoulee. By
Flint's view the flut-topped gravel remnant in
this protected place should be us high as near-by

scarp Lases, 1400 feet AT. From Flint's
gradicnts the original surface of this deposit
would have been 130 fect still higher.

(C) The only two scabland channels which
cou'd have carried glacial water to erode the
inncr valley along the east side of the Lac have
hicads Lut 23 fcet lower than the low brink of
the upjzrmost Staircase falls. Yet the deposit
was treached (?) 150 fect decp and not by
Staucase discharge. Nor can the supposed
teenching Le ascrilied to postiglacial strcams for,
alurnc the junction of the small channels with
Staucase, the latter cartics runofl from more
than 16 squarc miles, the former from only 13.
Licven square miles of Staircase postglacial
drainage cnters the closcd depression at the
head of the bar and has not yct obliterated it.

(7) The two minor channcls become one on
the Donge-Washtuena quadrangle boundary,
113 rules northeast of the Lar. In cach, a little
above the junction, there is a flat-topped, un-
dissccied gravel flat (at 1309 and 1440 feet
AT) with steep, downvalley-facing terminal
slojxs and fore-set beds descending-about 100
fect 10 an empty channcl floor. Gradient thence
duvnsiroa is 73 feet in the 114 miles, termi-
ratu:g in the silt-filied flat with intricate
meandis Jocally dummed Ly one of the Stair-
case Luo's Jobations (PL 9, fig. 2). Gullying in
this flat shows 18 feet of postglacial silt and
satid vith root casts. A large vertebral bune was
alsu fourd. Upstream from the gravel flats are
low Lot delnite scabby basalt outcrops, one
ledze constituting a waterlall more than 40 feet
high with a plunge basin recognizable on the
tojregraphic map.

Ttise feztures record the same kind and
tine of expericnce that is written in Staircase
Rapide and completely digprove Fiint's theory
for the cr.gin of the 150-foot trench alungside

(8, Virilly, the volume 1nd velocity of this
minur divergence could never, by Flint's
inturpretstion, have made the giant current
tijpnet oo the bar top (PL 9, £i2. 2). The deeper
part of the deposit could be a remrant of pre-
flued, snrmmal outwash (largcly removed from
Washiiens itsclf) and modified by later flood
water, a3 Aliison thought, but, if so, it must
bave Leen a backfill. The southward dip of it
forc-sis dits not agree with this view.
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Allison’s theory cannot explain the Staircase
divergence unless the Cheney-Palouse tract
was blocked with a hugs ice jam in place of
Flint’s fill. For the westernmost distriLbutary
strand (item 3) to have opcerated, another ice
jam must have formed along the steplike
cascade, 334 miles wide and nearly 50 foct
thick at the upper end. The wonder is, here
and clsewhere, that orly the larger streamways
became clogged; that minor oncs carried off all
the floating ice which entered them or were
saved by timncly faiture of the major chanuely!
blockades.

Other Deposits

The U. S. Geological Survey map (1934) of
Haas quadrangle shows large patches of gravel
(Qsu) associated with csscniially bare basalt
(Tcb) along both siacs of Washtucna Coulee for
12 iniles southwest of the coulee head. Near the
head, gra-cl-covered areas extend a mile back
on top of the preglacial coulee bluffs and touch
the base of loessial scarps at 1400 fect A.T. The
material is dominantly sand, granule gravel;
and coarscr bLasaltic debris, subangular to sub-
rounded and stratified i. thin lenticular fore-
scts. It obviously is the marginal deposit of the
highest flood, more than 100 feet above blud
summits and 400 fect above the coulee floor.
Recognized in the map description as scal.land
gravel, it is as high as locssial scarp hases
margining the Pulouse-Snake divide scabland
and therefore cannot record an carly valley
train in the coulee. A comparable gravel-
covered area on this divide summit, 5-6 milcs
distant, south of Hooper (shown on Starbuck
geologic map), reaches 1320 fect AT,

Dircctly south of Washtucna town, a local hill
of gravel rises from the coulee floor (about 1020
feet AT) to a summit more than 1200 feet
AT. (NE 3{ Scc. 33, T. 15 N, R. 36 k)
(Haas and Washtuena quadrangles). It lics in
the lee (west) of scabland knobs on the south
side of the coulce, but its summit stands {ree
from the coulee wall cxcept at the head. It is
half a mile long, as is the fosse Letween jt and
the wall. The deposit terminates to the west in
a rather abruptly tapering nose between the
fosse and the coulee floor.

The Spokane, Portland, and Seattle Railroad

has made a long cut 30 fect deep through the
hill's lower, northern edge, and, although
structure is no longer decipherable, compusition
is well shown. There is none of the size sorting
on whick Flint based his theory of aggradation
by moderate streams. Boulders up to 8, 10,
even 12 fect in diameter clearly are Lroken
columns from the scabland knobs at the
proximal end. No strata of Loulders are indi-
cated; the Lig picces lying at random in the
cobble and poLble gravel. At the distal end of
the hill the znaterial js all well-rounded pebLle
gravel, the fincst material of the entire crjusure.

This gravel hill, standing almost frec from
contact with the coulce wall and partially en-
closing an unfilled tract back of it, was made
by a scabland river fiowing down Washtucna
Coulce. It is not perched on the valley wall. Tts .
summit is 75 fcet lower than the lowest spillover
across the Pulouse-Snake divide. The fossc is in
no sense a gully of nostscabland origin. The hill
is a bar of cuzree detritus in the protected lee of
knobs whict. contributed boulders to it only
under tte urge of a stream adequate 10 detach
and transport them, That stream was at least
200 fect derg,

At Sperry (or MeAdam) siding (P1. §; PL. 12,
fig. 2; Huzs qua'rangle) a deposit of fine-
textured, wi! -sorted gravel, with a few strata
of nut- to ¢zg-sized pebbles, masks the north
wall of Washtucna Coulee. Texturally and
topographically it would fit the fill-and. cut
theory, Lut its structure is that of long fure-
scts dipping 20° throughout the entire 40 foot
pit wall dicectly 61200 the coulee from the higher
scablund ledges. The dip parallcls the slope Lut
is a little steeper (see Fliv.., I 4, figs. 1, 2).
The fore-sets, reaching to the bottom of the
coulee, prove that Washtucna had no fill
(above present bottom level) when these fore-
sets were made. The valleyward slope s
essentially constructional. It may have a core
of older gravel.

There are two gravel deposits ncar he east
end of Washtucra Lake (L. 1; Haas quad-
rangle). O.,.:, at Harder siding, is about & mile
long. It lics against and largely covers the
north wall of the coulce. No section was
aflorded, Lut the form is significant. The deposit
has a fattish top which breaks smoothly over
into a steep valleyward slope. But that top is

T s e — oo .,
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ot level! Along its length, it slopes down to
the west, ana the departure from horizontality
is 3° (P1. 12, fig. 3). In other words, its east end
lies approx‘matcly at the top of the coulee wall,
and it west end, a mile distant, not far above
the bottom. Should such a form be called a
terrace?

The other deposit near the lake lics south ot
Wacota Siding in the lec of scabland eminences.
Its surface slopes even more steeply westward;
the - «pness increasing at the terininus whicl
reaches Juke level at high-water stages. A pro-
fusion of Lig Loulders lics or the floor of the pit
in this deposit, but no structure was scen. The
form and size are perfect for subfluvial shaping.
of flood debris lodged in this place. The location
down in the basin of this Jake without outlet 4s
an awkward fact to fit intc Flint's theory.

About midway between Kahlotus and FEstes
(Connell quadrangle map) a large gravel
deposit conecals the northern scabland wall for
about a mile. Three pits in the basc of its slope
yield 2 well-sorted, pea-size gravcl. The
bedding at the west end of the deposit dips 20°
toward the valley through 40 fect of exposure.
In a few places interrupting short fore-scts dip
away froi the valley. Two other pits show long
fore-scts with a S-degree dip towzrd the valley
and a S-degree dip along the valley, re-
spectively. The top of this Zcposit, above which
is scabland, is flattish and descends westward
with 2 3.degree slope throughout its ler..th
and tapers out for no apparent local reason.
Should :his form and structure be interpreted
& simply a terraced remnant of 1 once-
continuous fill?

Just west of Sulfur Lake® in Washtucna
Coulee (Il 1; Connell quadrangic map), a
smo. thly round «d, eust-west clongated, gravel
hill about ha. a mile long stands out on the
coulee floor. Its top is more than 50 fcet above
the adjacent coulee Lottom, mere than 100
feet above near-by Sullur Lake, and more than
30 feet albove an undrained depression (a
fusse) on the north side of it. There are no

® A serious flaw in Flint's explanation, noted by
Allison, is its failure to account for the Sulfur Lake
depression. The basin is 12 or 13 miles long and
more than 100 feet deep in the bottom ¢! onc of the
valleys v:hose fill he belicved was reroved by Iater
nnnnal glacial river work, It has bare scabland
buttes in mid-channel at the lake.

€xpo.ares. Most of this nearly mid-channel hiil
is Jower than the site of Coun ll; ia other
words, it stands doww in the long, closed de-
pression of Washtucna Coulee. It is not
“perelicd” on the valley slopes. Bars are
cquilibrium forms in stream beds. Some may be
of erosiznal origin, shopcd from older alluvial
depsits. Lot only a stream capalle of making
the 12.mile long, 100-foot deep depression
could rave scu ptured this hill from a fermer
continunus valley fill.

A filiin the mouth of Hardesty Coulee (11, 1),
which enters Washtucna from the north just
cast of this mid-channel hill, has a flat, level
top close 0 1100 feet A.T. and rests on basait
in the gulch at about 930 feet. Much of it is
sranule gravel of bluish-black basalt, but it has
strata of nut. and egg-size pebbles. There are
cobbles and emall boulde:s of quartzite and
granite on the coulce floor. Secctions are poor
2nd show oxly indistinet horizontal t edding.
Buricdd bencath portions of this gravel are silts
and 1ands, the basal part containing a thin con-
glomerate of basalt and the whole taken to be a
remnant of the Ringdld formation. If S0,
Hurdezty Covlee was 2 valley eroded in basalt
cssentialiy to present depths vhen the Pingold
was deposited.

Although there is no definite knickpoint along
lowes Hardesty, there is a pronounced narrow-
ing where the strcam enters and crosses this
gravel £, a narrowness that has persisted while
and since, according to the fill-and-cut theory,
Wasatuena Ceulee was essentially cicaned out
by the subsequent erosion of & distributary
from the Cheney-Palouse tract. Trenching of
the grave! dep it has con*ributed to filling of
the Sulfur Lake depression which nevertheless
is sl 100 feet deep. Debris from Harde ty
carnot get out of that hole.

The 6! at the mouth of Hardesty has a good
terrace furm 130 fect above the level . of the
Cenndll “Liockade” although more than 100
fect below the base of loessial scarps. Iis
cormposition indicates consanguinity with those
other “terraces” whose flat tops slope down-
coulee. Its conetriction of the tributary valley
$¢Cms Guite 6yt of harmony with 1l Jicture of
eintiaey cumplete valley re-excavation of
Wacltuena Ly a river of moderate size.

Kattleszaie Coulee (PL. 1; Connell quad-
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Tits in this deposit show that the long fore-

cast of Conncll, and its discharge thenee flows scls unconlunn:\\-\)' ovartic finer gravel in which
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 EsquATIEL COULEE

Maps: Conncll, Jltoris, Scootency Lake guad-
G.S: R4-5720, shert 34
US.B.R.

1

rangles,

(Bretz, Smith, and Nefl)

Providence Coulee, entering AVashtucnas
Esqu:uzc\ at Conncll r. 1), is shown even Ly
the $0-foot contour interval of the Conncli 110
125,000 lo‘w;r:\p\\ic map tohave 2 pror.ouuccd
parrowing below' 1 fect AT, Providence
rosses three formations. The valley is
on the Yoess-covere higher
Lasalt countrys Lecomes d ravine acres® about 2
miles of Ringold (Paradise Ylats lupogmphy);
and, atits cntrance into Washtuen3d, narrows 1o
a trench actuis 3 vack filt of gravel accupying
the ravine mouth. Long uninterrup’ -d fore-scs
dipping diagonally coulce
height, ab i
Connill Peanch of the N
road arc clearly visible from theh
distant. Ncither these nor any othwts
long, anbroken forc-scis listed above cant Le cx-
plained as pars ol a ally growing valley-
train deposit. ably be in-
rerpreted as crosonial reinants 0 ¥
———

I

—
u Oral suppestion from James Gilluly in 1927, 3%
an attempt 1@ escape from the L3t \y;m\l.c.\l,.

or Sulfur 1.ake. ordinary cruss-\u-\ding occurs M neatly hoti-

&k zontal courses about 2 fuct thick. Those courscs
dip about 5 NE. They may fucord earlicr,
nonflovd duposition. Rut it is dificult 0 explain
this trench if the gravel is pre fieer 4 unless tte
almost complete cleaning out of Wasbrucna is
ascribed to flood crasivn-

Conncll stands on 3 1l of finc gravel which

constitutes 2 divide in the od siver valley
(Com\c\\ quadr.u.g\c map) Drainafe from
Providence Coulce g€ southwest down
Fsquatzel but run-ofi at Connd’. 2150 §O€S cast-
ward wp Washtucna, duescending more than 2

ach atkaline Sulfur
at Conncll. Hlow-

cver, Juitude of this mid-coulee divide,
about 830 foet
considerativit of this At 2

caueed e Devits Canyon short-
Snake peginnin
Canyon transcction «hose highest scabland 18

about 1400 feet. According to Tlints theetY, the

Conncli it €an Y. only an erosional remnant O )
. valley dueposit Wi originzlly must have

ccachicd 10 the hinbest scabland at that towi

is far 100 low 0 allow

or the Palouse

foct L. A rising of such
could account {
£0s$INGSs Devils at

. rounded,
grav posed targely
of granule g i
of a vigerous gLream. Tvi
gcvl\c{umvn'. deposition has been consistently
soupht. Tateal deprsits in prmcclcd places
were unaceepable. This site of Conncll comes
nearcst 10 anewering the demand. The transe
portieg © -zent, however, may ot tave come
down Washtucrd Contout maps Ly the U S.
Geological S=IveY and the §. Bureru of
Reclamativn stow 3 flattish  tract which
descends castward from the Othetlo divergence
that entefs the mouth of \Washtuend and the
head of Tt patzel. 1t beging about $ miles

west of Coincll 3t 930 feet AT.and descends
109 fect in rcaching that town. Certinued
farther caet up Washtuend, the slope doscends
anothes 100 fect in 7 miles 10 Gulfur Lake. Lack
of advqunic e sures along this 12.mile slope
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renders an interpretation speculative. But the
nearly continuous and nearly unifuim slope
and the character of the deposit in pits at
Conncll suggest that it is a record of back-
filling from Othello discharge subsequent to
Washtuena's glacial river. This would help
explain the Sulfur Jake depression. Silts over-
lying coarse scabland gravel at the lake may Le
contemporancous with deposition of the barrier
or may ricerd a postglacial lake.

Suppotting the view that the gravel at
Conncll and in the mouth of I'rovidence Cuulee
came f{rom the west (from Othicllo Channels)
arc strong castward components in the long
fore-scts dipping back up Providence and the
occurrence of other eastward-dipping fore-scts
in & snull pit not far west of the railroad
section.

One scrivus objection to this interpretation is
that the Conzell deposit is more like a valley
bottom fill than a delta. Another is that the
bedding in a shallow pit at Connddl is fore-set
westward. It is conccivable, however, that the
divergent strand from Othello Channels was
succceded by renewed functioning of a glacial
Washtuena which reworked the upper piart of
the cuulee bottom depasit, giving it the aberrant
slope and a superficial {ore-sct structure with
westward d.,.*

% A gravel deposit along the highway 4 miles
directly south of Conncll is only tentatively intere
preted by Hryan (1927, p. 27), Flint (1938, p. 518),
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Unlike Washtucna, Fsquatzel Coulee varies
greatly in wilh, ranging from an eighth to
three quarters of a mile between walls. The
towns of Mesa (Scooteney Lake quadranglc)
and Eltopia (Eltopia quadrangle) mark two
narte places, and there zre theee others less
stribing. Their significance lies in the massive
gravel deposits constituting very local hills
whick constrict the old valley in these narrow
places. They are not “perched” deposits. This
difles i itween Usquatzd and Washtuena s
a dircet consequence of occupation, at least from
Musa southward, by one of the divergent
strands supplicd from Othello Channcls.

Two of these gravel hills ovirlapping the
coulce walls, one a mile south of Mesa, the

and the wiiters. It occurs on the slapes of Old Maid
Codlee, a tributary entering Csquatzel from the east.
Its a'titude, 1030 fcet AT, is about that of the
hiphest scabland in the larger valley. Flint reported
a It scit horizon “consisting of 3 to § {cet of calichi-
ficd siit ard firm pure caliche”, underlain by a domi-
nantly Lusaliic gravel ranging {rumn granules up to
boulsers 3 fect in diameter, and overlain unconform-
ably Ly Touchet silts. Quartzite and caliche pebbles
and sand with {cldspars, micas, ., occur in the
corsllerably decayed bosalt graved. Fore-sct beddding
dips soutbwesinacd, down alung Old Maid Coulee.

L.t there is no scatland in this coulee nor any
scarplounded notch at the head where glacial
water rmight Rave overflowed from Washtuena
Coulie ard introduced the foreign matcrial. The
caliche cap also sets the duposit apart frum all scab-
land gravel ever described. Nevertheless, it probally
recorcs a meliwater stream across the plateau. Iis
3.fozt boulders indicate vigurous erosion somewkere
enreute, and the caliche pebibles suggest a stream
that sverran surfaces above valley buttems.

Prare 13.—SCABLAND DETAILS

Figurr 1.—Shoulder bar. Note parallelism of ripple n.azks with growing (northern) front of bar and
their extension from sumnit down southern and western s 10 conetizute the crenulations shown on
Haas tapographic map (see Fig. 21). Production and Mariet'rg Adm pbota TCHA16-197.

Ficrre 2.—Part of bench between Babicock Ridge and Coivmbia River. Thiee contrasted surfaces are
shown: (1) the northern part without scalland, (2) older scaticnd, and /3, younger scablund. TT—Trinidad
or Crater terrace. WSD—Willow Springs Draw. G—gravel it B—gravel Larassociated with older sezbiand.
O -—gravel marginal to younger scabland. Northward estession of the lower ¢ifl up into the mouth of
Willow Creck Draw shows that Coluabia Valley and the Diaw had proscat depths before any scaliland
was made on the bench. Ul S, Army acrial photograph

Pratr 14.—DBARS NEAR MESA

i1ieere 1 —Interrupted panorama of terminal portion of Lar suuth of town. Looking north, Fore-sct bed-
ding for full height of each pit dips as shown by arrons. Oy stight guliyir g has occurred between bar on
left und o!der gravel on right. I'hoto by 11. T, U. Smith.

Ficum. 2.—Face of Lar north of town. Looking west any showing the gulch across it, the southward
slojic of the summit, and the duwn-coules tapring out of the durxait. ““hoto by 11 T. U. Smith.

Fieunr 3.--Highway scction through bar nurth of to.n. Leuking south. Structure shows that valley-
ward siope can only be constructional. I'hoto by 11, T. U. Saiizh.
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ESQUATZEL COULEE

other a mile north, have excclient scctions
('l 14). The southern hill is 50 feet high at itg
blunt, downvalley terminus where it stands free
from, but paralicl to, the vulley wall, On the
valicyward side, the hill has three or four
lateral lobations cut by the highway and one
by the railroad. Even better sections are
afforded by two large pits.

All these cuts shoy long, uninterrupted,
deltalike fore-sctg dipping downvalley, The
larger pit wall ('L 14, fige. 1) shows 10 vertical
feet of such bods dipping about 20° ang striking
essentially tangent 1o the curved end of the
hill. There are no horizuntal straca and no
granule gravel, sand, or silt members, The
gravel is all modcrately coarse and modcratcly
worn lasalt, with some cobbles and a few
boulders,

The form of the deposit s equally en-
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lightening. The hill'’s clongated, rounded

summit parallel, the valley

scpatating them, The unterraced vallcy slope

wall, a sag or fusse

against which the ;) fests is of gravel, or at

broad shallow gullics, featyres which the hilt

itself does not posscss.

Exposures in (his

slightly  gullied valley slope show a fine-

textured gravel wiih Lut fe

w medium to large

pebbles. The fine gravel g apparently older
thau the course. Yet there are definite con-

structional moundings gn
surface, and both deposits
bars,

its slightly gullicd
are judged to be

The dcposit north of Mesa has o guich cut
through it (Fig. 15; 1. 13, fig. 2). Itis a hill of
gravel built against higher, gravel-covered
slopes, a fusse with its central part still un.

draincd lying  Letween.

The hill summit

Pratx I5.—GRAVEL BARS SOUTH OF SNAKE RIVER
Photos by M. T. U. Snith

Ficuax I.—pj¢ seclion in northwest part of shoulder Lar, False an
2, and 3.

One bevels the other. Note a fence (F) in Figures |

Ficvax 2.—pjy section about haif way down bar front

Ficure 3.—pi¢ scction at toe of Lar
Ficvae 4.—Trickle Lar south of Lyons Ferry

Puare 16.—SCABLAND FEATURES IN MID-WIDTH AND MID-LE
CHENEY-PALOUSE TRACT

Ficure 1.—Seabland with loessial islands. Scarified but not decply channcled seabland with two scarped
and prow-pointed locssial islands €arrying unmodificd minor preglacial drainage Lncs above flood Limits,

Oue of them also has 3 minor channel across jt. Light areas ar
or fields nculy jlowed, Part of T. 16 and 17 N, R. 37 E. Fro

Adanis Co., Wash,

Ficere 2.—Giane Cutrent ripple marks. The local scabland “channel”
small locssial islands, part of each showing. A larger “channcl,”

and is boundcd Ly two larger islands. Overall widih of the Cheney-Palouse tract at th
from al} distributary routes except Washtuena Coulce, is about 13 miles. Figure § shuus
of island and scabland relations a few miles farther south,

Width of the small “channel” of the particular *

stream® which left the concentr;

ripples is a quarter of 4 mile, approximatcly that of Spale River in flood today. It appe
of alater an! smalier flood which here traversed and inciscd an carlicr gravel dijonit Ou the nightis a doulle
scarp, the upper part in locss, the luwer in the older gravel. This fipple-taarked “channdl™ is only part of

3n anastomosis, the gravel scarp and ripples of o contemporary Thannel shown or t}

d true lore-set Ledding in lower left,

NCTH oF

¢ wheat stubble, dark arcas are summer {aliow
m I'roduction any Marketing Adm. mosaic 7,

is 134 miies wide Letween two
containing these islands, is 8-9 piiles wide

is place, downstream
the general character

caliy curved current
r3 10 be the produzt

he kft. Relicf of the

ensemble demanded thice curves in the failroad to rcduce grades, twu of them shown in the photo. The
bigher gravel deposit 04 the right is thus shown 0 have a Lroadly rounded terminus of bar, not terrace,
character in the Icc of she loessial island, Profile supplicd by the C.M. and S.rp
railroad grade rises 20 fect in crussing frum the west side of the A7€a to round the tip o
Scaled frum the Photugraph, the wave length of these tipples is 200 feeq, Appreinat,

K. 38 E,

Production and Macketing Adm, photo AAP-1G.125.

-
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undulatcs through minor sags and swells that
fall into a Mattizh profile when viewed from an
cqual height on the opposite side of the coulce,

and strikes paralic! to the frontal slope. Cobbles
and boulders are not abundant, but peblies are
large almost throughout. A pit at the south, lee

TP 2
._: 4 /)% .'.‘.";;.'? :.:-':\//)
L N At

“oJ!

aded |

Ficure 15.—Bax Nox1u or Musa

Showing the flattish free termizus (contours 700 to 710 and the ur
- S. Burcau of Reclamation map G-5473, contour interval 2 fect,

.

This profile descends southward, downvalley,
with a slupe of 4% The hill narrows and loveers
to its terminus, free from the valley slope.
Overall length is 3000 fect.

The road along the gulch affords four good
sections, all of which show deha-type fore-sets
from top to Lotium (11, 14, fig. 3) with dips
prevailingly of 20° toward the valley bottom

drained fosse (870 coritour), Part of

end of this valleyside hill shows rather fine
gravel, with sparadic small boulders. It ali~
shows a lens of silt and sand 3 feet thick, lying
horizontally in the gravel. This could wll Lea
deposit in a quict water hole in the lee of the
bar during its growth, A few days at the most
would suffice for its sctiling.

It is argucd here that the fore-set beds do not
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el ¢ {rontal slopc. Cobbles

n ndant, but pcbbles are
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“dined fosse (870 contour). Part of

Ueyside hill shows rather fine
~itadic small boulders. It also
st and sand 3 feet thick, lying
the gravel. This could well be a
«t water hole in the lec of the
tunth. A few days at the most
¢ its settling,

ﬂr:'-.)t the forc-set beds do not
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record addition of their gravel doun the slope
from alove. The contributing current was
flowing horizontally past the growing Lar face;
the gravel was travelling more largely along
the slope than douwn it.

The irregularly mounded valley slope back
of and above the fosse has broad, shallow gullics.
The hill, which is interpreted as a younger
dueposit, has only a few narrow short gullics,
other than the transccting gulch.

Neither of the Mcsa Liars has a scabland
channel Icading to it. The crosional pattern of
the adjacent upland in both cascs is clongated
subparallicl to Fsquatzel and the two Lars.

Just sauth of Mesa, Esquatzel Coulee Lreaks
up into an anastomosing pattern of channcls
which at Eltopia, 8 miles {arther downstream,
is § miles wide. Jackass Mountain, an isolated
Ringuld hill in this complex, stands 200 feet
above closed, channel-bottom depressions on
buth sides. The course of the preglacial Esquat-
zc! margins the castern side of the complex
(¥ig. i7). Most of these interconnected channels
converge a little south of Eltopia, but here
another bLreak-up of Esquatzel makes two
dominant, diverging channels, almost cqually
deep and separated by a broad hill of Ringold
S miles long and 200 fect above its bounding
channcls. The eastern channcl, deeply filled
with sand and gravel (U.S.B.R. borings),
apparently records the preglacial Palouse.
Beyond this hill channels disappear in the
blowsand of the PPasco lowland.

This complicated glacial-river channeling,
well shown by 10-foot contours on the U. S.
Bureau of Reclamation map R4-5720, sheet 3
(see also Eltopia and Wallula quadrangle maps,
U. S. Geol. Survey), extends from 730 fect A.T.
necar Mesa down to an altitude of 500 fect in a
distance of 17 miles; all of it is well Lelow the
high level of Lake Lewis as defined by Allison
and Flint.

The two Mesa bars stand down on the main
channcl floor. \Watcer in Pasco basin apparently
did not then, nor later, reach the 1100-foc:
scab’ind channels at the summit of the Wallula
watergap cliffs, 9 miles distant. Yet the compli-
cated channcling was done by a very large
glacial river after the Touchet silts were

Washtucna glacial river was then flowing,
Upper Grand Coulee had not yet been com.
plcted ot was temporurily bLlocked Ly the
Okanogan lobe.

These channels clearly record a post-Touchet
flooding down Esquatzel, and, if Allison is
correct in makirg Touchet silts younger than
the Snake Canyon gravel bare, Toushet (i.e.
Lake Lewis) sedimentation, although glacial,
must be interfloud in age.

Pasco Basin

Maps: Coyote Ropids, Eltopia, Hlanford, Pasco,
Priest Repids, Prosser and Walli!la quad-
rangles; U'.S.G.S.;and R4-5720, sicect 2,
US.BR.

(Bretz, Smith, and Neff)

All plateau scabland drainage, entering the
Columbia to the west and the Snake to the
south, converged to the Pasco Lasin, the largest
and deepest of the structural-topographic
basins of the region (P1. 1). Nearly 500 square
miles of it lics below the $00-foot cunt.ur.
The Columibia River at is outlet, the Wallula
Narzows across the Horse Heaven Hills anti-
cline, is 300 feet A.T. Scalland extends up on
the wally of this narrows to 1100 fect A.T. or
more, but the basin upstream is largely empty.

Flint believed (1938, p. 517) the high
Wallula scabland was made because the Pasco
basin was filied with debris up to “at least
900 {ret”. ThLis fill was of proglacial origin
but was carlier than the rise of lake Lewis,
ic, earlicr than the wvalley-filling, locss-
scarping, scablind-making episode. It must
have caused aggradztion in tributary valleys
back on the platcau, but about this Flint
gave no details. However, most of this carly
basin and valley fill, its cause unspecified, was ,
removed before the widely distributed lacus-
trine Touchet silts (conterporancous with the
plateau gravel) werd deposited in Lake Lewis,

threfure befor: plateau seabland erosion oce -

curred.

-“"The high Wallula scabland, although “weil
-, developed”, is thus much older than any other
" in the entire region.

deposited, and probably when Loth Othello and ™~ Allison (1941} asserted that the subfluvially

Washtucna were contributing to Fsquatzel. If

molded gravel deposits  associated  with
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scabland in Snake River canyon had been de-
tived from ‘“high-terrace remnants” of a
single, great, prescabland - terrace  system
which he corrclated with “terraces” in the
Pasco lowland and, with declining clevations,
farther down the Columbia. He visualized this
system as filling the basin up to 700 or 750
fect A.T. But he was unsure of the time of
disscction. Tt could have occurred by “ordi-
nary crosion . . . between two distinct glaciat
stages” or it could have happencd “during a
single stage of glaciation before the Lake
Lewis-ice-jam stage was reached” (p. 71). “If
Lake Lewis and the Touchet beds are later
than much of the gravel, then the rise and de-
cline of Lake Lewis cannot be the causc of the
deposition-cacavation sequence in Flint's fill
hypothesis. Possibly Lake Lewis or_equivalent

appeared twice . .. (p. 66), bul Allison could™

find no evidence to support this idea. The
cause of the earlier alluviation is not stated.
An ice jam in Wallula Narrows is suggested
Tor the (later) 1100-foot scabland and 900-foot
gratd Jdeposits at Walluly Narrows. )

Becausc the Atumic FEncrgy Commission
had done much construction in the northern
part of the Pasco lowland since the last ficld
study there, permission to enter the restricted
Hanford area and cxamine the open pits was
sccured prior to the present study. Because
Bretz's catlivr descriptions of forms and rcla-
tions had not carricd conviction to sume
geologists that the gravel hills there, were
giant river bars, it was hoped that perhaps
composition and structures shown in- the
A.E.C. excavations would do su.? Most of the
excavations scen were shal'lnw and obscurcd,
but data from them support Bretz's idea of
bar origin. A pit in a high gravel tail to Galle
Mountain (SE 1{ Sec. 28, T. 13 N, R. 27 F.,
Hanford quadrangle) showed that the flat-
tish-topped dueposit is composed of coarse sand
of mixed ULasaltic and granitic dcbris, hori-
zontally bedded, very evenly stratifiedys and
carrying a cover of cobbly and bouldery
grascl It is an erosional remnant cxtending
from about 650 fcet A.T. down at least to 60O

% No maps werc allowed in the restricted area,
and the road system rad been so greatly altered
since the Conmimission taok over that many locatior.s
could Le only approximated. In additivn, many
roads were closed to private cars.

feet, its . reamlined shape being the result of
the glacial Culumbia’s crosion when the moun-
tain was an island in the river that made the
associated great bars. It is presumably of
prescabland, age and may well be correlative
with the valley fill of granitic sand at and up-
stream from Crater. The coarse overlay on it
summit and slopes is a derivative from the
scabland of the mountain, acquired when the
deep chianneds (400 and 425 fect A.T.) on cither
side of Gable fountain were made and this
deposit of fine gravel shaped. In this scnse, it
is a terrace, greded_to bar form and armaored
with scalland gravel. The Columbia River
surface just above Coyote Rapids, 4-5 miles
upstream from these empty channcls (sce Bretz
1927b), is 400 fcet A.T., and the streamlined
gravel hills—ie., bars—which shut them off
from the river are 100 fcct higher. A spring
in the bottom of the decpest depression
(400 fect A.T.) fluctuates with stages of the
Culumbia River. )
" 'The “tcrace” in the western part of the
Coyote Rapids quadrangle’ is shaped like a
great spit proiccting southeastward across
ranges 25 and 26 L. into the Jowland from a
high Lasalt antichne (Umtanum Ridge) on the
Pricst Rapids quadrangle (Figs. 16, 17). At
the west end, this “terrace” has stecp scarps
descending 200 feet toward the north an” 12§
fect toward the south. Its broad summit is
800 fcct A.T. here but descends along its
length about 100 fcet, and its scarps Lecome
more gently sloped toward the southeast. In
mid-length it is cut across by a channel 50-7§
fect deep. Ins length, 13 miles, projects more
than half way across the Columtbia valley
bottum, separating the river on the north and
northeast from about 50 squarce miles of low-
land known as Cold Creck Valley to the south.
Three pits and one road cut afforded sec-
tions in this “lerrace”. Two its showed well-
worn, well-sorted peblle and cobble gravel, 50
per cent bluish-black bacait, with a few
boulders. The bedding is horizontal without
_even shallow fore-scts. Th. highest of the three
pits (apprusimately in NE 1{ Sec. 34, T. 13
N., R. 25 E) on the Lrink of the 200-foot
north.ard drop-of toward the Columbia has
—_—

- M Used by Allison in reconstructing his Pasxo
basin Gll.
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only long deltulike fore-sets dipping south-
ward, away from the river and into the deposit.
Much of its material is composed of fine.
textured, dirty gravel alternating with clean,
openwork cobble gravel. Boulders of busalt

and cranite 3 feet in_diameter and one basalt™
boulder 8 feet in diameter idicute trarsporta-

tion Ly floating ice. Because the freshness of
the Tatcrial also. indicates a scabland deriva.
tion, this "terrace” was added 10, i not wholly
built, during seablasd listory, ~

The ke slope could be cxamined in section
in only one Place, the steep drop-offl away
fran the Columbia at the southuast terminus,
approximatcly in NW 14 See. i3 T. 12N, R,
26 E. The long road cut here showrd only
loose, durk, coarse sand with few cobbles and
boulders, mhitcrial typical of lee slopes of
scabland bars. No structure showed to check
that interpretation,

The character of “Cold Creck Valley” on
this Coyote Rapids quadrangle must not be
neglected in understanding the urigin of the
“terrace”. The creck, draining aboyt 50 square
miles of the Ligh, arid hasalt country 10 1he
west, has built a large fan where it eaters the
“valley”, a fan that spreads  out abruptly
from a width of half 3 mile at the head 1o cight
times that width in a distar.ce of 3 miles; the
creck becoming lost in its fill. 4, ~ce propor-
tions (Figs. 16, 17) show that the “valley” is
onlv a part of the lowland, a tract partially
enclosed Ly the giant, spit-like form, It re-
mains for objcctors to show that Cold Creck
Valley, the 50 square-mile arca lying in the
lee of this “terrace” (Coyote Rapids, Hanford,
Pasco, and Prosser quadrangles), can possibly
be an crosional product of Cold Creck, as. it
must be if the “terrare” is byt a remuant of a
vatey bottum fill, It s significant that the.
great collection of iceberg mounds of glacial
Ul un Towa Flat (Brite, 1030b, 1. 410; Allison
1941, p. 673) is less than 101nilcs farther south,
lying in the protected lee of this spitlike de.
posit and extending from 625 10 8§23 feet AT,
Cold Creck Valley was in cxistence when these
Lergs str- ded at altitudes representing the
full vertical range of the “terrace”.

/This ¢xtraardinary dispiuy of hundreds of
tll mounds, up to ~ feet high, and 109 fect
or so in diameter, is unapproached Ly any

\olhcr tecord of iechergs i scabland floods.

Mounds are largest and most numerous close
to their upper linuit, 830 jeet AT Above that
are only stray erratic Loulders, up to 1300 feet
AT Two cpisdes of Lerg flotation thus secin

indicatcd. Because even the massive lergs res,

quired !w(n.msponin; the material of these
l:iﬁ;fr‘pilcs would hardly groynd in 22§ fect
of -\\.‘.ur,,’é_pmmp! Sulsidence of the flood
while l.grgs_;xill survived in the Cold Creck
Potnding sevms required. The abundance of
Yerge, the thormous size indicated, and the
probable Lrevity of the cpisode appear o
demand special cenditions for telcase from
barent glacial jce (a bursting Lake Missoula
dam?) us well ag special conditions fur their
transportation. The lithology of fragents in
the till (Bretz, 1930b, p. 410) strongly suggests
derivation from Beltian_terranes of northern
Jdiho and western Montana. No route from
Spokane across the scablands to Cold Creek
valley eould ave'd Cataracts and cascades
where Lresk-ups would be prubable. It scomy
that_the delivery of great numbers of giant
l;ch: to Pasco basin must have required by-
passing of the sculiand river soutcs, there-
fore atrip along an’ unblockaded Columbia.
Air‘aud vater currents probably causd their
collection on the west side of both Pasco and
Quincy basins,

" The lazgest bar gravel deposit in Pasco

basin lies a few miles upstream and across the
Columbia from the Cold Creck bar (Fig. 17).
It covers most of thie northern half of the Priest
Rapids quadrangle, and jis contours nicely
fit the inside of the uniform %0 degree cyrve
made by the river. A fummit arca of aboyt
20 square miles s crclosed by the 800-foor
coniour and reaches 86G feet AT, more than
400 feet above the tiver. Except for the Co.
lumlia River undercutting along its suuthern
margin (a 200-foot cliff) and at its upisticam
contact with Saddle Moyntains (a 100-foot
Liufl), there are essentially no marks of ero.
sion on its smooth, rounded form. Neo better
place for survival of terraces cut during re.
:oval of a gravel 611 in Pasco basin can be
asked for. Yet two traverses and the 10.foot
contuurs of the US.IL.R. may reveal no such
forms,

A pit on the 800.foot contour near the north
end of this Pricet Rapids Lar shows a coarse,
almost eutircly basaltic gravel. Columbia River
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" gravel immadiately to the west is only SO per
cent basalt. Thus the glacial Coluimbia was
carrying platcau, te. scabland, waste alinost
exclusively “when the huge deposit was made.

; Sorting and wear of this gravel indicate sources

. more distant than walls of the Saddle Moun-
‘tains water gap, 3~4 miles upstreans. The gap

7 therefore was already well opened and deep-
encd when the masaive gravel depusit was made.

A soadside cut near the southern end of the
summit flat showed southeast-dipping fure-scts.
A few borings show sand, gravel, and cobbles
in" the upper part of the bar but only gravel
and bLoulders in the basal portion. At depths
of about 100 fect these rest on Ringold clay and
:sa'nd.' . ¢ ’ 1y S
TAE.C. restrictions prevented examination
of the southern clifl. I the deposit is a bar,
stratification here should be either (1) steeply
cast-dipping, deha-type_ forc-sets, or (2)
gently southwes=dipping beds parallel to the
slope of the har, with shallow forc-scts dipping
into the bar, as in the Lind Coulec bar at the
East Low Canal crossing. Construction of the
Pricst Rapids dam on the Colunmbia, now
authorized, should resolve this question.

It this mussive deposit be considered an
erosional residual, the 18-20 square miles of
lowland immudiately beyond its cast-facing
scarp must be eaplained. That tract has no
strcam, and it cannot possibly be a mcander
scar made Ly the Columbia. Lven the 25-foot
contour intcrvals of the Geolngical Survey
maps show clearly that it is another Culd
Creck Valley in origin, an unfilled fosse behind
a2 valley-margin bar,

This Priest Rapids bar is oriented and
streamlined Jor tl.e same great river that
made the Cold Creek and Gable Mountain
bars and in but one place shows signs of any
smaller bar form superposed on its smooth
riverward slope. Its thickness is approxi-
matcely the height (75-125 feet) of the 4-mile-
lung lee scarp. The low arca immediately cast
of it, underlain by Ringuld, is obvivusly a
remnant of the original surface on which the
bar was deposited.

A smaller and lower bar, product of a later
ar.2 sinaller flood, trails about 4 miles down-

stream from the ¢liff in the huge bar's southern

extremity. On the U.S.B.R. map, this yousiger
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bar top (125 feet above the river) is shown 60
fect higher than the dune-covered fosse be-
tween it and the low land cast of the great
bar. Yet the low area is 100 fcct higher than
the top of the younger bar.

Both the Cold Creek and Gable Mountain
bars, scparated by an undrained sag, can be
identificd farther south by lincar clevations in
the dunc-eovered central tract of 1'asco Lasin
(I'g. 17). The fosse of the Cold Creck bar
deteninines the course of the creck to its
junction with Yakima River.

Another conspicuous Lasin bar, also with a
dunc sand cover, lics just east of the Columbia
and northwest of Pasco (Fig. 17). Its top is
200 fect above the river, its fosse 100 fect
deep. Esquatze! Coulee’s western  channel
enters the fosse, hanging 40-50 fect above its
floor. Were the bar contemporancous with the
channcl, the last 2 miles of the tapering form
could hardly have been deposited.

These valiey forms in the P'asco basin were
never made crosionally during norroal dissce-
tion of a complete valley fill.

The furmidable prollem of removing a fill
in this bacin, 16 miles wide between the 750-
oot cunteurs in the latitude of Pasco (Flint
atked fur the 200 fuot contour), was handled
by both Allison and Flint in the most general

- terms, with no comments on the surprising

abscrce of extensiv~ terrace rc inants. Lower
Yakina structural wvalley is another large
Lasin which must have shared in this fill
(P11, Its width is much greater in proportion
to its stream than Pasco basin, but it likewise
is einpty and is ynterraced except close to the
river. It is quite unlike the strongly terraced
Yakima Valley above Ellensburg. Flint and
Allison s2.d nothing about the place of lower
Yohima Valley in their theoretical fills.? It is

" Flint ignored the scabland and upvalley fore-
scts in associated gravel bars described and figured
by Hretz (10300, p. 412) in the Chandier Narrows
at the nwuih of this structural valicy; and made no
teat conment on the pellly silts vencering Yakima
Valley sloins up to 1100 feet A.T. Allison (1921,
p. 078}, jsiazed an ice jam in the Narrows which, Ly
growirg Ligher, detoured the upvalley flood current
ontu succustively higher, surfaces and thus made
[.W:si'.;!t the 4%0foot vertical range of this very
ocal scaliand. Uraccountally, however, the lower
(carlicr) Lars are st.l} perlect. The superposition of
the groaing dam did them no harm.

Walia W 2ha structural valley, southeast of the
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srgued here that no such fills ever existed,
and it is suggested that the supposed corrcla-
tives below Wallula Narrows are probably
older dcposits shallowly covered with {resher
debris. Huge gravel mounds comparable to
the scabland Lars have been described (Bretz,
1925; 1928%a) along the Columbia as far as
Portland. No restudy of that region was pos-
sible during the 1932 ficld scason.

Allison’s Sn.ke River gravel Lars, although
older than Flint’s terraces, are also relics of
former valley fills. They cannot Le reminants
of a Snake valley train. Consistency in the ice-
jam hypotlicsis thercfore should postulate a
comparable prescabland aggradation in major
valleys throughout the platcau with local
thicknesses cqual to heights of its largest bars.
As they are prescabland, these valley fills
must antedate the divide crussings. This,
with their overwhiclming pereentage of basaltic
and caliche gravel, requites local origin on
the platcau. Thus plateau valleys unentered
by glacial water should still pussess records
of this cpisude. None ducs. 1f the plateau
scabland bars are deposits of glacial streams,
the Snake Canyoun Lars should Le accepted as
of the sanic peniesis.

The high Wallula scabland, 800 fcet above
the river and more than a mile wider than the
top of the gorge, was accepted by Allison and
Flint as channcled and accompanicd by seab-
lanc gravel deposits. Although catraordinarily
high, its altitude is that of the Yakima Valley
and Walla WWalla basin pelbly silts and drifted
erratics and approximately that of upper-
limit records along the lower Shake. To cx-
plain these facts, Bretz (1925, p. 237) pro-
posed that Wallula Narrows had acted as a

Columbia-Snake junction (Pl 1) also has (1) gritty
silts up to 1050 feet A.T. or mare, (2) scablang.
marked narrors separating it {rom the larger valhy
and (3) fore-sct gravel containing forcign peblles
with dip upvalley away from tl -+ Columbia (Rretz,
1929, p. $31). Buth micn have ignored these [eatures.
No theorctical ice jam can explain this hecause the
forc-set grave's lic on the floor of a marked Levaden-
ing, 4-8 miles cast of the narrows. In contrast with
Yakima Valky, the Walla Walla hasin contains
thick deposits of silt and fine sand derived from a
glacial Colunlia, with murked contrasts betwecen,
and disconlormities separating, diferent members.
The vasin appears to have repeatedly become a
shallow post ! ke, Detailed study of these sedi-
ments nay yicld significant data regarding the
glacial Columibia's flvod and nou-fluod eapericncus.

bottlencck for the combined volume of all
scabland rivers, and even announced the dis-
charge through the short canyon as 39 cubic
miles per day. This proved to be the most
shocking of all interpretations based on the
flood hypothesis, and Bretz rctreated sub-
sequently, taking refuge in possible post-
scabland anticlinal uplift or postsczbland
(and late scabland) decpening at the Narrows,
for ncither of which is there any known icld
evidence.

The scatland on top of the Wallula gorge
walls apparently must be carly, although it
hardly supgests its age. It would scem to pre-
date the development of the Quincy basin
cataracts vhich, 100 miles distant, have
brinks only 100 feet higher. It may Le corrcla-
tive with their earlicst westward  discharge
at 1360 feet A.T. Allison's or Fhint's fills would
readily resolve the problem if only there were
supporting evidence for them. But even the
concept that scabland Lars are erosional forms
developed in former valley flls cannot be
used with 'usco basin’s and lower Yakima
Valley's great empty widths confronting us.
Nor can the high Wallula scabland, vhen
compared vith Drumbichier, Othello, Palouse-
Suake divide, Grand Coulee complex, and other
contributing scabland, possibly be adequate
for the ice-jam *“‘run-around” concept. There
may be some possible combination into an
cclectic hypothesis which future study will
bring out. If anly onc factor be involved, the
bottlencck idea 2gain seems most acceptable.
At the rate computed ia 1923, Lake Mis-
soula’s 500 cubic miles of v.ater would pass
through the Wallula Narrows in a little less
than 2 weuks.

Patovee-Sxave DIViDE AND
ExviRoNS

(Maps: Hacs and Starbuck topographic
and geologic meps; US.G.S)
(Bretz and Smuith)

Geveral

Glacial water, flowing south down the
Cheney-“'slouse tract, was in excess of the
amount Wesiiuena Coulee could carry, and it
widdly overflowed 2 structurally detenmined
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divide, escaping southward from Palouse
River valley to ¢nter the canyon of the Suake,
making a scabland record on more than 80
square miles of the divide summit and pro-
ducing the decp canyon (top width 1230 [cet,
maximum depth 440 feet) by which Palouse
River now enters the Snake (Pl 1). Inter-
pretations of the conditivns which caused this
overflow and canyoning vary widely. Four
new topographic maps of the U. S. Geological
Survey (Benge, llaas, TaCrossc, Starbuck)
and a complete coverage by acrial photography
supply some pertinent new data.

Flint bLelieved that any  first-magnitude
flooding across the divide would find, or make,
a pouded Snake Canyun and would Luild “a
large dcltaic deposit whose foresct beds would
have an amplitude of hundreds of feet” in the
decp Snake River canyon (1938, p. 513).
Because “nothing of the kind is found in the
Palouse Canyon scalland”, Flint believed
that an carlicr progiacial flow had occurred,
finding “a very low route” already in cxistence
across the Palouse-Snake divide to permit spill-
over from “a comparatively thin fill" in the
Palouse Valley. This gashed the divide to
make the Palouse Canyon transcction (1)
before the major episode of filling occurred,
(2) before backwater (Lake Lewis) began
rising in Snake River canyon to cause the
deposits at the Palouse-Snake junction which
Bretz had termed bars, and (3) before any
scabland had been made on the divide. These
*“bars” Flint vicwed as erosional remnants of a
slowly aggraded dam, comparable in character
to the Chippewa River deposit in the Missis-
sippi River which forms Lake Pepin. This dam
(800 fcet thick) formed “Riparia Lake™ up-
strcam in Snake River canyon. By coincidence
alonc, Lake Lewis was slowly rising at the sume
time, thus avoiding long dclta fure-scts in the
deposits. Such fore-scts, however, do exist.
Flint saw them (1938, p. 479, 481) but did not
explain them.

Scabland Features on the Divide

With reference to Flint's supposed “very
low {preglacial] route™, it is instructive to
note that an cast-west profile alung the high
northern part of this divide, drawn from the

Haas and Starbuck quadrangle maps (Fig. 18),
finds the entire 9-mile w'dth on the summit
scabland to be 1280 fcct or higher, more than
200 fect above the present aggraded Palouse
Vallcy floor, except for an eighth of a mile
immediately adjacent to the canyon walls on
cither side, where it is 1200 fect. & mile south
of the cress scction the brink of the canyon
walls is 1280 fect. The locssial scarps marginal
to this cruss scction are 120 to 180 feet high,
and ot least 100 foct of louss probably covered
the divide top when the fist glacial spill-over
occurred. There is also at lcast SO feet of gravel
in the bottom of the preglacial Palouse at this
place. These facts require a thickness of not
less than 350 fect (to 1325 feet AT)) in Flint's
“comparativcly thin fill” to make the first
crossing possible. His “very low routc” never
existed, and Palouse Canyon cutling belongs
in the general scabland-making episode.

Flint mir.mized the size of the various
cataract alcoves of this district, citing five
examples on the divide, not one of which is
deep enough to be shown on the new topo-
graphic maps. His argument collapscs when
the mzap of H U Ranch dry falls (Fig. 19)
(11aas quadrargle S. W. 1{ Sec. 29, T 14 N,
R 36 E.) is eazriined. The cataract cliff is 280
vertica! icot frumn the lowest notch in the lip
10 the bottom of the plunge pool. Recession of
the falls left the Davin gorge 13§ miles long
containing a closed depressic= equally long
and 128 feet decp.? The water t. 2t supplicd
the 11 U Ranch cataract even at its very last
functioning had to cross the but slightly
channcled seabland divide at an altitude of
1280 feet AT, ¢ more.

Trspection of the Haas and Starbuck quad-
rargle maps shows several such features far
excecding in magnitude the cxamples cited
by Flint. One of these (Devils Lake, crossing
Sec. 17, T. 14 N, R. 37 E.) has an 80-foct
dry lulls at the head of a recessional gorge
about 2 miles long, more than 100 feet deep,
and containing closcd basins with 40-50 fect
of cloture. T e largest and- decpest of these
termirates a'most on the brink of Palouse

anyen, itscl! 200 fcet decper at this place.

" Qre of Flirt's examples (1938, p. 490), is just
west of the Davin Ranch where one may look north-
ward v the gorge to the cataract cliff,
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Ane"  dry falls (S.E. 3¢ Scc. 1, T. 14 N, R.
36 F.) wnncled through by the Union Puacific
R.R. between canyon and preglacial valley
is 100 fect high.®

Were it not for late development of a short
channdd from the northeast, 80~120 feet deep
above the I U Ranch cataract and thus an
incision of jts lip, the shecr drop here would
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Ficusr 18.—IroriLes or Scanrano ox Patoust-Syake Divipy
a—Along the crest of the former divide
b—Immediately downstream from the two cataracts

Flint also minimized the depth of rock
basins in this district, as elsewhere in the arca
of his study. He could never have scen the
two basins 11§ miles directly south of Hooper
Junction on the very summit of the divide
scabland (See. 3, T. 14 N, ¢ 37 E) (Fig.
20). The larger one is ringed by a 1240-foot
hachured contour and is more than 120 feet
deep, and the smaller onc is more than §0 feet
decp below the same contour. These great
empty holes are impossible erosional products
~f Flint’s streams that removed the fill. [
they were pre-fill in age, they would now be
full of gravel. They cannot be foreed into the
fill-and-cut strait jacket.

" Trimble (1950) noted s striking joint control
of the shapes and orientations of many rock Lasins,
“slots” and gorges in the I'alouse-Snake divide scab-
land, some closcd basins 100 fect in depth. He ac-
ccr(cd them as scabland fratures, the erosional re-
sults of glacial water, but disclaimed any “attempt
to explain the meckanics of their erosion.”

be 35000 fect. Figure 19 suggests that
Lefore this channeling occurred the cataract
head was a eascade chete at the northwest end
of the gorge. Alignment of this chute with the
straight recessional gorge is determined by a
vertical fac't with 40 10 50-foot downthrow
to the cast. But the chute head is close to the
western margin of the divide scabland, and
the larger volume of water came from the
northcast. The lengthening channei, thercfore,
left the fault trace and headed 2-3 miles to the
nattheast. The profile of the west wall of the
Davin gorge shows that the cataract became
matkedly higher as it receded along the last
half mile of its length by migrating out of a
preaabland, ninor valley along the fault.
Bascs of the loessia’ scarps bounding the
Palousc-Snake divide scabiand are 1300 feet
AT or higher on both sid=s at the north end
of the wide spiliover. Fiint got the vertical
range of 120 feet or more in summit scabland
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; by aggrading an cquivalent amount so that a
river whose “discharge was less than that of
the Snake today” could reach successively
higher and wider surfaces. However, his river
- did not make the scabland, it ouly scoured
off the Jocss. The scalldand relicf was produced
| later, while the £l was being removed, and
! this occurred simply  Lecause original pre.
: glacial gradients were being restored, not
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Fi1euke 19.—Viciniry or H U Ranen Cataract
Western part of Pa_lou_sc-Snalg divide scabland. Lo

St blarc is | miie lorg and $00- 1000 feet wide, and
18 searps are 130 foet high. Deep Lake Rorec is tributary ta J'4iy e

ssiz! topmzrapty in northwestern and southeastern

Canyon a mile beyond eastern edge

. U8 Geol. Survey. Contour interval 40 fect.

Lecause of any augmentation in discharge.
If a neermal valley train already existed in
\\'ash:ucr.a, it could have Leen a factor in
causing overfinw, but the 80 square miles of
seablznd en the preglacial - Palouse-Snale
divide can never be explained by Flint's theory,
The acit test, however, is in features on the
south side of Srale River canyon.

Allissa never specifically located any ice -




TARACT

in narthwestern and southeastern
Liag and 00 100G [cet wide, and
inyven a mile beyond eastern edge
«y. Ceatour interval 40 fect.

¢ augmentation in discharge.
alley train alicady existed in
enuld have bicen a fuctor in
4, Lut the 80 square miles of
the preglacial Palousc-Snake
7 be explained by Flint's theory.
Lowever, is in {catures on the
aake River canyon.

¢ }‘*,’ﬁcally located any ice
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jam on the platcau scabland but was content
with general statements pegarding what would
happen il they did form in @ deaiiage system
invaded by multwater streams. For the Palouse-
Snake divide’s scabland, he would obviously
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them, make the higher scabland, and cut the
lowssial scarps? To the writers, such & mecha.
nisty is impenssible here. Only in constricted
or cruvked valleys could jams ever grow to the
tequired  dimensions.  Furthermore, in  the
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Fioune 20.—Rock Basins ox Suantr of Patovse-Sxake DiviDE
Basin in south-central See. 3 is moze than 120 fuet deep. Vertizz! ranze of seabland in this tract is 400

feet. Part of Haas and Starbuck topezraplac maps, U. S, Guel. Susicy. Contour interval 40 feet.

have to block Washtuena Coulee (Fig. 2; 11 1)
somewhere along its length to a height great
enough to causc the first spillover, cstimated as
at least 300 feet aliove the present aggraded
Palouse Valley floor, or 1325 fect. AT, How-
ever, water reached an clevation of 1100
feet at the Lases of the locssial scarps margining
this 9- 1o 10 mile wide tract, and Allisau’s
theory requines more ice jams not alune in the
growing Pulouse Canyon but also on the divide
top itsedl to avoid the great volume, Whaee
can they Le placed on this great width so that
water woull have to risc to detour around

Washtuera Coulee not a single favoralle place
vas found for the jam called for nor any
features Lhe these Waters (1923, p. 818) in-
terpreted as ice-jam records in Columbia
valicy north of the plateau. Stll fusther, the
locs<ial scarp Lases along the 5 miles of
W -hteena’s length constitute a uniformly
descending profile, impossible to explain il an
ice jam interrupted the glacial stream’s surlace
gradicnt.

To crude Puluzse Canyon across the divide
decply ennugh to provide a permanent re-
routing of the river, any ice jam in Washtuena
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must have persisted (or been repeatedly re-
newed)  while  Allison’s  modcrately 7724,
detoured mcltwater river deepened more than
400 feet in basalt. The narrow new route was
never (more than temporarily) clogged with
the abundant floating ice while the dam in
the much wider preglacial valley continued te
be «Mective. Mow can rock basins 100 fcct
deep on the scabland summit of the divide Le
explained by Allison’s hypothesis? How could
buttresses of luess for the divide top's dam
survive? Tlow, when buttresses failed, could
the dam grow latcrally to close the gaps
scized upon Ly the escaping water and thus
eventually make the 9-10 mile width of sum-
mit scabland? The quantity of fluating ice
constantly required of a normally wasting ice
front to maintain and cxtend a dam on this
broad summit passes all credibility. Failure of
a Lake Missoula. dam might rapidly rclease
the enormous quantitics of berg ice demanded
by this claboration of Allison’s concept, but
no believer in modcrately proportioned glacial
rivers will ever aceept that solution of the
problem,

Bars in Snale Canyon
(Brctz and Smith)

At the Palouse-Snake confluence, Allison
and Flint have reinterpreted the “bars”
(Bretz, 1928a), disagrecing with cach other as
well as with Bretz. Ficld study in 1932, with
the aid of the Ilaas and Starbuck topographic
maps, has led to a vigorous reaflinmation of
the original interpretation and a denial that
any dam of dcbris or ice ever existed at this
place in Snake River Canyon.

Bretz originally described two great bars
st the junction, both on the south side of
Snake River. One was a "mid-canyon bar®
about 2 miles long on the floor of the canyon,
deposited by glacial water flowing tumultu-
ous'y up the Snake. The other was a high-lying
“shoulder Lar” in the mouth of Fields Gulch, a
tributary from the south entering the Snake
about 2 miles farther downstream. The
shoulder bar was made by a detour of part of
the flood southward across the Snake ang
thence westward around the south side of a
big, “semi-isolated” basalt hill, there to re-
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cnter the Snake in the south wall of its canyon
(Fig. 21).

Flint interpreted thesc bars as remnants of |
his Riparia Lake dam, & Snake canyon fill
800 fcet thick, actually the toe of his 120-foot
fill on the top of the I'alouse-Snake divide.
Lake Lewis, the cause of all this valley de-
basition, was supposedly rising downstream
in Snake River canyon at the same time, and
the rate of deposition at the dam site kept
Joace, so this dam never developed delta strue-
ture.

Flint was a bit reserved about the composi-
tion of the mid-canyon bar, saying of the
“rublly, basal ¢, cobble gravel with huge
bouldurs, too little size-sorted 1o have distinct
bedding” that “it strongly suggests torrential
conditions™ (1938, p. $13). The depression
(fusse) between the bar top (241, not 150,
fect above the Snake) and the basalt knols
and clifis south of it, he said was “unusual”
{p. 481) but appeared to be comparable to
" ‘deeps” at the cutside of bends in the river
during dissection” of his dam.

Allisen (1%31, p. 69-70) said of the mid-
€aryen Lar that its “top is constructional”,
its “flutings are primary”, and the depression
Lack of it is also primary, showing “no re-
semblance to decps at the outside of river
bends nor to plunge pools™. “It represents
the top of the fill made by the last outpour-
in3 of glacial waters from Palouse River
Canyun™. Although that “outpouring” of
“torrential” water had to be wp Snake River
canyun, reither Allison nor Flint noted the
fure-sct Leds at the castern end of this bar.
They dip up the Snake and toward the de-
pression® Allison thought the depression “was
lelt uniiled—because the area was occupied
Ly ice, driven against the cliff by force of water
from P'alcuse River canyon and then protected
from wasting by shadow”. There is, however,

* With Lupher (1944), they bave ignored the
existerce of sach up-valiey fore-scts, reported by
biretz 16 occur as far as Lewiston. Existence of the
new Hay genlagical map (40-foot contour interval)
and of Siute Highway 3 should encourage cxamina-
tion of the readily accessible Central T-'cny “half
round Lar” (Rretz, 1929, p. 411), 20 miles up the
Srake frum the mid-caryon Lar. Despite the author-
ity of the ma, it cannot be -orrectly described as s
Snake Fiver lerrace.
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1022 BRETZ ET AL—CHANNELED SCAKLAND OF WASHINGTON

no suminer shadov. on the area from adjacent
clifls.

From the mid-canyon bar minor dependent
bars extend southward, oxuy from the Snake
and back in the mouth of a Llocked, preglacial
tributary that formmerly entered the canyon
across the north edge of section 6, T. 12 N,
R. 37 ii,, and now is dctoured westward to
Fi-'.5 Gulch. The headlunds at the former
mouth are manked scallaud buttes  rising
above thuse southward extensions of the mid-
canyon bar. FEach bLutte has a long gravel
ridge in its lee that tapers out and down anay
from the Snake. Th-se gravel ridges are ge-
netically part of the mid-canyon bar. Their
existence, magnitudes, and space clativns
nast not be ignored or slighted. The knobs
rcach 800 fect AT, and the south-pointing
bars are as high as the mid-canyon gravel hill,
731 feet AT,

From Lyons Ferry at the junction of Palouse
and Sunake rivers (Starbuck quadrangle) a
circuitous road may Le followed to DeRuwe
Rarch (Tlaas gquadran.le), just south of the
shoulder Lar in Fields Gulch (Fiz. 21). In
the sccond and thi.d mi'vs of this road, one
climbs from BN S47, entircly on nonterracd
gravel, to BM 861 in the detoured drainage.
Enroute, constructional forms are very obvious
in the moundings and enclosed, undrained
depressiuns. The striking little “tricklc bar'™
(Pl 15, fig. 4) which desce. s the sovth-
west slope of a scaliland hill in SW }{ Scc. 36,
T. 13 N, R. 36 R. looks somewhat like a
Battish debris cone or a sicep detrital fan, but
it is dchinitely ridged along its Iength, its lateral
slopes are much too sicep to harmonise with
the guntler gradicut along the crest, and its
bulk is far {u excess of what could be shed
from the small scetion of the bLasalt hill that
could contribite. The ridged !. a or cone form
mounts almost to the hilltop The altizude of
ivi crest ranges between 920 and 1000 feet.
The deposit originally Ulocked local drainage
off the hill. A gully acruss its low distal end
has epared portions of the floor of the once-
closed depression back of the Lar. The valley-
ward lateral slope at the terminus de cends 50

" Long narrow bars steeply descending pre-
existing slopes and appearing as trickles from a
distance.

feet and flattens out in a 40-acre closed de-
pression shown on the Starbuck quadrangle
map. The deposit is composed almost entirely
of little-worn basalt peblles and boulders. A
few vell-rounded Snake River pelbles were
foural’ The form is that of a small, local bar
390 520 fect up on the barmounded slope
abuve Snake River but 300-430 fcct below
the levdd of Flint’s supposed da.n across Snake
Rivar canyon. The water that carsicd its debris
suuthard duan this hillside away from the
Suilc came over the top, 1040 fect AT,

The shoulder bar and imnmediate environs
(Fi. 21) were carcfully examined luring this
ficld study. Renewed excavativn in the old
pit on the north side affurded good scctions,
aud the topography of the entire deposit was
scen by walking over it ihe interpretation
that it is a great grav:! dopusit essentiaily
with original outlines and with long deltaic
fore-sci: dipping northward toward the Snake
is here emphiatically reaflirmed ®

The fattish summit of this shoulder-lLar
deprait is approximatily 1000 fect AT. over
neary haif of Sce. 23 and more than kalf of
Sce. 26, T. 13 N, R. 3¢ 1L It is diversificd by
low lincar ridges and swales, their relid 10-15
feet in places, tmpossitie ta eapluin as ero-
sions'ly made by s.usequent runol. A few
wellvorn Srake River pebbles were found;
othervize the material is all Little-worn basalt . ®

Freognition of the truc characier of this
minor sl f on the suamiz (') 13, Fig. 1) did
not cere until acrial photographs were studied
after the writers had lefs the ficld, hence no
mezsurements were made. Scaled frum the

B Anomy Allisur’s comments oo 4 iint's work s

the st .t that this shoulder Lar “wzs Luilt into
water {123 fedt e at the edee of Suake River
Canyo. Ly curronts which left the majar valley a
short 4. 12 mules! upstream {and detoured
around ite south side of the semi-is od bl 1241

foot AT wlas free Son donn the valley was ob-
structod Ly ice jar "

B Alion's view that the zravel of the shoulder bar
is larply reworlhed, old, high-level Snake River
terrace gravel is untenalle. The pe.centage of well
worn c.ootitucnts is saasll, of nonbasalt frag enus
even smalier. Furtherniore, Snake River canyon
for nearty 75 miles upstream, where Allison's sup-
posed ol ! highidziel terraze system shosld be well
rwvorded, Las no such ¢ potits at comrarulie alti-
tudes aten o the river. The 20 ~iiles of this canyon
shown on the Ty Lnd Startack geolugical maps
(U5 G S 1921, have but one patch of gravel (Qse
Quat t.abi>nd) as bizh 25 439 fect abeve the river.
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photograph (Production and Marketing Adm.,
CCH 16-197), the crests of the giant current
ripples are about 175 fect apart.

From this summit flat, the bar surface de-
scends 200 fect southward and westward with a
coavex slope which the Haas quad:anglc map
shows as crenulated. Orientution of th~ ridged
creny'  ons changes gradually from nearly
south-puinting forms on the south side to
west-pointing, even northwes -pointing, forms
on the west side of the hill. A little gullying
has occurred between the ridges low en the
slopes, but, for the most part, they are original
shapes of the bar surface ™

Scet” s in the ~ld raitroad gravel pit on the
Snake River face, cut deeply vack inte the
deposit, show the bar material to be fore-sct
bedded almost throughout (I'L. 14, figs. 1,2, 3).
Parallel to the steep, riverward slope of the
gravel hill, these long fure-scts are not 1 mis-
interpretation of pseudo-fore-setting due to
slopewash. The 100-foat scarp trending north-
eastward from the pit for a quarter of a nile
is the constiuctional front of the depori,
avalanching as in a dunc "t is not an erosional
scarp. It3 strike parallels that of the long fore-
sets i1 the pit (Tlint, 1938, p. 3di, 1o the con-
trary notwithstanding) and the clongation of
the giant ripples. Water, not debris, or ice,
filled Snake Canyon up to more than 1000
feet AT. at this place when thees fore-sets
were deposited. Flint offered no cxplanation
for them.,

In this { re-set gravel is emberded a granite
boulder $'. fect long, its oututi. fracturs-
determined ond only onc surface showing pre-
fracture abrasion. Flint (1935, p 498Y re-
marked that “In such challow scabland streams
as are indicated Ly the stratification of their
deposits, only sma'l picces of glacier ice could
be expected to travel down their lengths, "
How small a picce of glacier (or river) ice
could have held onto this pranite boulder for

the 75 miles it travelled down the Chency-
Palouse scabland river? And meandering addcd
tc that mileage'®

———————
% A repeating character of the giznt current rip-
ples seen during the 1052 ficld saasunis  catension
of the ridged furms of a Lar summit duwn the slope
toward the a-ljacent channcl. Nu. her slopes down
into a fosse nor crosiorally scarped valicyward slopes
have shown this feature.

- Another granite boulder, equally large, in the

This shouldcr bar in the lower p-rt of Ficlds
Culih contains the del’a fore sets Tlint asked for
at the mouth of the Palouse, if the flood theory
were cutzect! The mid-canyou bar is part
that “delta”; the bars tailing sruthward from
the scalland bLuttes in scctions 30 and 31,
T.13 N, R. 37 E., are part; the bars along the
road south frun Lycns Ferry are par'; the
“trickle war” is part; the bars farther west,
tapering southward from the samu hill are past.
The flattish summit of the shoulder bar with its
giant current ripples is the subfivial “dchta
top”. Alt gravel forms are portions of 2 deposit
made at the bottom of the great torrent which
carsied most of its dcutis across Snake Canyon
and muct of it up for more than SO0 fect on the
far site. Volume and velocity of the flood that
made * scc Lazs were greater than anything that
Flint cbjested to.

Allise |, accepting this remarkable detour of
glacial Snake River, made it possible by placing
an ice jam in the canyer. just below the mouti.
of the Pa'ouse (Fig. «1). A slight coustriction
here might favor the idea, but the dam would
have to be from three quarters of a mile-to &
mile wide (across the canyor), and, to allow the
detourcd striam to re-enter the canyor. where
it did, the ¢:in could e cnly 2 miles long. Such
a2 dum never could have had enough frictional
grip on the caryon walls or cmong its con-
stituent ice Llucks to hold back a 500-foot head
of water. Furthermere, there was equally decp
water whoiz o d whea the detour re-entered
the canyor helow his dam. Abeve the ice jam,
there was or.iy slack water, and through this the
scabland grz.cl had to travel to cross the
caryon and chimb to the shoulder-bai summit.
Allison's Lypathesis really requires 3 scabland
run-arourd canyon at this place, instead of «
gravd deprusit.

Allisen necds anciber ice ja.. for his sequence
of cvents at the Paleuce-Snake junction. Plate 1
and Vigare 19 show that the 4-mile wide Davin
Pancl, portion of the divide .-abland, lying
west of the isolated group of locssial hills, had
to b2 cffcctively Uir skaded to make the detour
sout’ of the Srzke pre-iie. Otherwise, all

Cow Creex smabland 13 c o hoof Hooper lies
as hizh as the scablan. oo the auvide. €iill another
wod lasgee 0 el maumum diamcict) granite
bouldzr Les 3 niles snuth of Ewan, 35 miles down
along the Chency-Paluuze tract.
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Chency-Pulouse  glacial wawer would have
entered the Snake Lelow the site of A’ ‘son'’s
canyon dam, and only Snake River water
would have used the detour. Coming dircctly
from a ponded Snuke, it could have had ne
gravel load, and no shoulder lar could have
been made.

Prescabland Ficlds Gulch
(Bretz and Sniith)

The floor of Ficlds Guich in the hall mile be-
tween the shoulder bar and Snake River is very
narrow compared t. its proportions farther up-
stream (Fig. 21). It is a hanging-vallcy mouth,
with .. sharp entrenchment mule subscquently.
Its gradient is 200 feet to the mile in this
stretch, six times as steep as in the next § miles
upstream. It clearly does not record the stream
that preglacially drained the 50 contributing
square miles of mature topography lying ta the
south. £ en if a partial damming of the gulch
by the bar (Bretz, 1928a, p. 659, Fig. 8) intcr-
rupted the gradient, this narrowness and steep-
ness would indicate that these great bar depz-its
Lave blocked a capacious lower course else-
where, und have turncd postscablar. ] drainage
into the pres.at aberrantly narrow and steeply
graded route. A reconstructed prescabland
Ficlas Gulch (Fig. 21) would enter Snake
Cai.yon where the mid-canyon bar and other
higher bars obviously fin and block an_earlicr
drainage way to the master sticam. Compared
with the valleys of neighboring Tucannon
River and Kellog Creck, the width here between
basalt hills is certainly z 2cquate for the drain-
age arca. And this Llocked valley is twice as
wide as the present one duwnstrcam from the
shoulder bar.

Flin's Ripe.ia Lake
(Bretz and Smith) .

For the fullowing reasons, the writers hold
that Flint's Riparia Lake never existed.

(1) All roads crossing the region where the
distal portion of Flint’s 1300-fout dam Tig. 21)
must have Lin vere traversed, and a few miles
of foot traverse wa, made across interroad
tracts. No remnants of any gravel or sand

deposit were found on the broad, thinly loess-
tovered, basslt uplands above the summit
level of the shoulder bar, and no suggestion of
dcbris from such deposits was seen in drainage
ways. It is quite impossible that al! that theo-
Ietical deposit could have been carricd off these
hilltaps where it was origmally 100-300 fuct
thick.

Only wind, rain, and stupe wash are available
ageats. Had they been thus effcctive, there
would be no remnants of Flint's fill clsewhicre,
nor of Hretz's bars, to theorize about.

(2) The Hau. ard Starbuck grological maps
(U.S. Geol. Survey, 1954), made fur engineering
use in pruposed dam construction on Snake
River, show nogravel deposits above about 1100
feet AT, on the arca covered by Flint’s kypo-
thetical 1300-foot dam. Tl highest part of the
shoulder bar's gravel is 1120 feet. Along the
east :.ic of Flint’s fill on the Snake-Palouse
divide, altitude rf which he showed as 1350 feet,
the Starbuck map shows a ragged pattern o]
local drainage gulches in basalt, with locss-
covered interfluves (Lut no gravel remnants)
descending 1o and bilow 1200 feet AT,

(3) Tne giant ripple marws covering the
should-r Lar's ¢ juare-mile suminit flat record
3 cunstructional surface, the original top of the
deposit, 325 fect Lelow the altitude of Flint's
dcita surface at that place.

(4) Flint’s Figure 9 (1948), showing the delta-
da:s gradient as about 13 feet per mile, also
shows a remaskable steepening downstream to
30 feet per mile. The distal margin of the sup-
poscd dain had to be at least 1300 fect A.T. for
10 riles west of the Palouse junction in order to
inpoend Lake Riparia, The upper limit of
Snake Canyon flooding § miles farther down-
siream is cnly 1200. (See Flint's Fig. 11.) Hence
the incredibly steep gradient!

(5) Hal! a dozer gravel-covered tracts of 160
acres or more, ', .z on the Palouse Snalke
divide scabiand, are shown on the Ilaas and
Starbuck geological maps. Two closcly associ-
ated oncs, just rast of Palouse River about 2
miles above its mouth (Starbuck map), par-
tially bury interfluve spurs of the preglacial
basalt topagraphy. Wheee nearest cach other
thry 3. separated only by a small streamwa.
draining from higher locss-covered cout .y
further cast. Two tributaries join, just above




LR

" \WASHINGTON

un the broad, thinly loess-
‘t ds above the summit
wlace bar, and no suggestion of
-h depnsits way seen in drainage
te impossible that all that theo-
ould have been carried off these
it was originally 100-300 fect

iin, and slope wash are available
aey been thus effective, there
mnants of Flint's fill cl?cwhcrc,
ars, to theorize about. '
» and Starbuck geological maps
vey, 1954), made for engincering
4 dam constru.*ion on Snake
;ravel deposits above about 1100
: area covered by Flint's hypo-
t dam. The highest part of the
sfavel is 1520 fect. Along the
at’s fill on the Snake Palouse
f which he showed as 1350 feet,
ap chows a ragped pattern of
Sulches in b- ", with loess.
ves (but no . .el remnants)
d below 1200 feet A T.

t ripple marks covering the
judre-mile summit flat record
surface, the origina! top of the

2 2l the altitude of Flint's
h jce.
are 9 (1948), showing the delta-
i about 13 feet per mile, also
:ble stecpening downstream 1o
The dista! margin of the sup-
o be at least 1300 fect AT, for
‘he Palouse junction in order to
Ripatia. The upper it of
“soding S miles farther down-
J0. (See Flint's Fig. 11.) Hence
ep gradient|
°n gravel-covered tracts of 160
lying on the Palouse-Snake
are shown on the Jaas and
cal maps. Two closcly associ-
st of Palouse River about 2
mouth (Starbuck map), par.
duve spurs of the preglaci.)
¥. Where ncarest cach other,
\.l only by a small streamway
tugher loess-cavered country
¥ trLutarics join, just above

PALOUSE-SNAKE DIVIDE AND ENVIKONS 1025

this nartow place. Their 75-degree divergence
upstream (castward) outlines another basalt
interfluve spur of comparable size, lying be-
tween the two, As shown in Flint's Figure 3
(which has some considerable aititude crrors)
this spue has no gravel cover. The map distance
between the two gravel patches is a tenth of a
mile at the west where the tributarics join anl
increases upstream to three quarters of 2 mile
across the gravel-free spur.

“A single cuurse of forc scts [at least] 38 (1.

* thick” (Flint) in the northern deposit, describod

by Bretz (1928, p. 655) and confirmed Ly
Flint (1938, p. 479), dips N. 658° L. Bretz read
this upvalley dip, away from the Palouse, as
recording introduction of the pebble gravel
diagonally across the top of the Luricd spur and
considered both deposits as essentially bars,
their form and location conditioned by the
underlying tupegraphy and dircction of current.
To Flint, they were crosional remnants of his
Snake Canyon dam whose flattish tops (terraces)
now lic 125-285 feet below its original surface
. < this place.

The outstanding objection to Flint’s inter-
pretation here is the impaz<ible survival of the
closcly contiguous “terraces” which, down in
the united streamn valiey, 290-330 feet Lelow
the loviest portions of the flattish tops and ¢03
feet Lelow the original surface of his fill, are
only 500 fect apart. By his interpretation, half
a square mile of original gravel cover for the
scabland spur, 125 to nearly 600 fect thick, has
been removed through that constricted gap
without widening it.

(6) Flint's Ripatia Lake received the Snake
River of that time as well as glacial water from
the Palouse. Ttsoutlet must have beena consider-
able river. Nothing in Flint's text deals specifi
cally with this outlet. His Figurc 9 has an arrow
marked “Like outflow’ near the southern
margin of the delta. Traced on the Haas and
Starhck geological maps, it traverses a basalt
topugraphy ranging from 810 to 1200 feet a'ti-
tude! The arrow therefore indicates an entirely
hypothetical chanrel ucross the vanished delta.
Figure 9 also shows four "“conspicuous aban-
aoned channcls” across the site of the dam, two
of them about a mile Lack from its Iaw southiern
edge, the others even farther Lack. One ducs not
exist. Two are misinterpretations of unaltered,
preglacial saddles, related to his lake only in

that they lie below its Jevel. The fourth (in SE
{scc. 25, T. 13N, R. 3¢ E) is truly a small
scabland discharge route through a preglacial
saddle at 16700 feet altitude, a mile northwest
of DcRuwe Rtanch and 3 miles back from his
delta’s distal margin. It is 325 feet Lelow the
tep of the tupposed dam at this place. There are

" go0d mietar bar forms at intervals from the

aggraded £t 4t the ranch buildings (F00 feet
A.T.), (vhich also has Lar forins) up to the col.
There are even unfillcd depressione close to the
summit, cempounded of small scabland knobs
and bar Lnolls. Obviously, a current of fluod
water crusscd this saddle at 1000 fcet, a part of
the overfisw when the shou!der bar was being
built. ot obviously also it did not spill thence
down the steep ravine toward the Snake. The
scabland ratch is not a channe! and docs not
tecord any Srzke River course during disscction
of the'dar.. ['urthermore, its small capacity falls
far short o! Allison’s neds, should he try dam-
ming Sncie Canyon below Ficlds Gulch but
above the mauth of the preglacial tributary on
the {ar sidz of the saddle.

(7) Witk a gradient of 13 fect to the mile for
the CheweyPuisuse £!1 ard the top-sct beds of
hrpothetoat Riparia Like dam (Flint's esti-
mate), the Iake's outlet must have been forced
to skirt 7« far southern cdge of his Snake
Canyon d:wsit. This Flint recognized. Snake
River tudey, therefore, should be in a post-dam
canyon surarimposed on the basalt upland at
that same ;Tace, and the preglacial canyon's
dam shou'2 ol exist. Palocse Canyon (made
before Lis episode of filling) should still be
buried iu gz2vel, and Palouse River should be
following .': Washtuena Coulee preglacial route.
Instead, the Snzke has inevplically flowed up
the e2sterr, fzont of his delia, the lake outlet
dimbirg 25-35 feet cpainst tle delta’s lateral
siope to riezate and re-cxcavate the preglacial
canyon 3 i~ lcs north (see Flint's Fig. 9) of the
ouly place ¢ glacial Snake could have crossed
the deita vlen at its maximum growth. The
irregularly LMy bLasaht top :graphy shown in
Fizure 21 {2, 25 any rotion that the post-dam
Sroae co.ld, wiiie re-excavating, have slipped
laterally La-i into its preglacial course. The hill
summit ber .cen the DiRuwe noteh and Snake
Canyon %3 feet AT, Once caught in the
notch, the sl ¢t never cou'd have escaped.

(8) Trereare nashare lines for Riparia Lake,

C
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even of the faintest detectable character, on the
soil-mantled gentler slopes of Snake River
canyon upstream {rom the dam, although there
was ample opportunity for them to develop
during the gradual trenching of that depusit at
the mouth of the Palouse.” Most of Flint's
Chency-Ialouse scabland gravel was “leisurcly”
carricd off during that sanve time.

(9) There are no lacustrine dcposits on these
slopes. There is, however, a widdly distributed
mantle of unsorted, unstratificd silt cuntaining
abundant grains of fresh basalt with nonbasaltic
pebbles and boulders extending up to 1300 fect
altitude (Bretz, 1929, p- 407-418). No Riparia
Lake type of ponding in Snake Canyon can
explain the up-valley transportation for nearly
75 miles of this pe' 'y silt from its source, the
Cheney-Palouse scaviand river. Vigorous surg-
ing up the canyon isrequired.

(10) Snake River valley alongside and below
the summiz of the mid-canyon bur is ounly 1000
fect wide, and one bluff is all gravel. Ry the fill-
nd-cut hypothesis, this is all the widening the
tiver has been able 10 do in the canyon bottom
since Riparia Lake was drained. In contrast,
Washtucna has a bottom width of 2000-2500
fect for many miles, made by a small divergent
strand of glacial water. No postglacial stream
has used the coulee. Harmonizing these facts
with Flint’s conecpt is quite impossille.

Detils Canyon
Map: Connell Quadrangle, I’ $.C.S.
(Bretz2)

Streamless Devils Canyon, 15 miles west of
Palouse Canyon, transects the san.: Wash-
tucna-Snakedivide and is subequalin width and
depth. Cataract or cascade recession here, as at
H U Ranch falls, made the 4-mile gorge along a
preglacial tGibutary ol the Snake. The glacial
stream madce no scabland on top of the walls,
and it ccased to flow before recession had com-
pletely cut thirough the divide. A rock sill at the
canyon head, nearly 100 feet above Washtucna's
floor, is tunncled thraugh by the Spokane,
Portland, and Seattle .1t between canyon and
coulee. Summit of the sill is more than 930 feet
A.T., and the bottom of the canyon a mile to
the south has an $00.foot depression contour,

The cunyon is empty thence to the Snake, but
its flaring mouth has an unterraced, knolled,
and ridged gravel mound rising nearly 300 fect
above the Snake to the south and about 50 feet
above a once undrained dcepression to the north,
This mound projects more than a third of the
way across the bottom of Snalke Canyon and is
entircly of gravel. The highest part stards
ticarly in midwidth of Devils Canyon. Figure 3
of Plate 9 shows a train of giant current-eipple
mirks hall a mile long across it.

Flint detived Devils Canyon in part by falls
retreat during removal of fll, originally 1300
feet AT at the canyon head. On this ill, he
Devils Canyon distributary from the Wash.
luena distributary inically descended 100 feet
in 4 miles (Fline, Tig. 11). Eventually it cut
through about 400 ject of basalt at the head to
leave the 150- 10 200-foot cataract-cascade
descending from the 100-foot sill. Then the
canyun route was “suddenly” abandoned
(Ilint, 1938, p. $12). Thereafter, all Washtucna
distributary water continued down along pre-
glacial Escuatzel, subparalle! to the Snake.

Dosncutting in Loth the Snake and Wash.
tucna-Lenuatzel fills was controlled by Lake
Lewis. At highest stage, the lake was only 21
and 25 iniles distant. When lowered to Pasco
basin altitudes, the subparallel routes were re-
spectively 38 and 41 miles long.

To provide an udequate gradient for erosion
of Iievils Canyon, by [alls o by uniform deepen-
ing, the Snake obviously had grcatly 1o outryn
Washtuena-Esquatrel in removing Flint's fill
while, about the sume distance down along cach
route, Lake Lewis was the common base level,
and Loth streams had only gravel to erode.
This is hardly an acceptable interpretation.
Th U his Devils Canyon divergence ever could
have continyed deepening, once it encountered
basalt, is likewise unaceeptable. That the gravel
mound scmiblocking the anyon mouth is a
terraced residuce of cither Snale or Devils gravel
is denied by all its characteristics. It is another
scabland Lir. The enipty and rock-bottomed
gorge was indced “suddenly” abandoned but
by a stream far cxceeding a distributary strand
from a distributary stzand of a tiver no larger
than the Snake. ,

To use Allisen's ice-jam theory specifically
for Devils Canyon, we must (1) Llock discharge

——— - e - ———
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across the Palouse-Snake divide, (2) construct
another ice jar in Washtucna west of the heid
of Devils Canyon, (3) keep the narrow canyon
head open while nearly 400 feet of deepening in
basalt occurs, (4) have an ice jam down the
Snake or Columbia higher than S00 feet AT,
and (8) remadel an older terrace into the grave
mound in the canyon mouth. These are difficult
fequirciments.

Flini’s Derivation and Disposition of
Seabland Debris

(Bretz)

According to Flint (1938, p. 483), “very
litde” of the gravel fraction of the Chency-
Palouse placial-river load was carried far cnough
down the Snake to reach Pasco basin, Depori-
tion began promptly in Washtucna Coulee and
Snake Canyun; the detritus Leing derived from
“scoured busalt on stecp gradients, mainly
along preglacial drainage lines” (1938, p. 468)
alrcady down in basalt. These would have to Le
limited to Cow Creck, Rock Creck, Palouse
River, and a fow tributarics, and would involve
but a small area compared with the ncarly 1000
square miles eventually swept by glacial water
in the tract of Flint’s study. He visualized this
fill as gradually extending upstream and finally
reaching the channet heads. Beeause all channel-
bottom basait had by that time become buried,
the channcl-head deposits (required for his west-
ward diversion of the northernmost distribu.
tarics to Crab Creck drainage) . 4 to Le sup-
plied dircctly from the ice. Yet their “remnants”
are 65 per cent basalt (Ilint).

In Flint’s succeeding episode of erasion of the
fill, the rejuvenated glacial streams “notched
and channcled the newly exposed basalt ex-
tensively® (1938, p. 465), making most of the
scabland he studicd. This crosional episode
must have produccd far more basaliic debris
than did the carlier scouring. Most of the gravel
already deposited, mingled with this newly
made detritus, was earried across the Palouse-
Snake divide to join the wastage from the £00-
foot-thick Riparia Lake dam. Some entered
Washtucna, All this gravel eventually went
down along the Snake and Washtucna toward
Pasco basin,

About 30 miles below Flint's dam site, the

——— e e

scabland upper limits {Sces. 20and 21,T.10N,,
R.33E ) are $00 feet above the valley Lottum,
(Mere Flint Lelieved that sealland Eravd
graded inio Touchet silts.) Anaverage thickuess
of 650 feet for the 30 miles is therefore conceiv-
able. A gencrous estimate of the average valley
width involved is half a mile, thus a gravel-
storage capacity of 2 cubic miles. I none enivred
Yasco basin, this represents all the basal
waste removed from nearly 1000 square miles of
scabland. Evenly distributed over the Cheney-
Palouse tract, it would account for abaut 101¢
fect of erosion. Allowing for 10 per cent or less
(Flint's estimatce) of ghicial driitin the gravel,
and using Flint's porusity factor of 25 per cent
(1938, p. 483), the amount of basalt eroded
is about 713 ieet, barcly enough to remove the
weathered zone under the locss. By using
Washtucna for additional storage and uy leav-
ing smull “rannants” in the channelways, we
may retain the estimate of 1034 fcet. But this is
much teo small to produce the relief ma r by
the scalland streams. One cubic mile of gravel
distributed over tlic 80 square miles of scabland
on the I'alouse-Snake divide alone would pro-
vide a £ill ouly €6 feet in average thickness®
about hali as deep as Ilint's theory requires.” §

This curiputation assumes that Snake and
Washtuena valleys were originally empty and
that they received capacity fills. Nothing re-
motuiy approaching this quantity of gravel is in
them today. Flint's theory requircs removal
down along the Snake as Lake Lewis subsided.
Where has it gone if it did not cater and pass
through Pasco basin? And how could it bLe
carried acrcss the Touchet deposits, during
subsidence of Lake Lewis, without leaving a
record? The complicated channcling n lower
Esquatacl is ret that recorded for Washtuena,
Allizon, finding Touchet beds o-ly above
scabland gravel, denied the contemporancity

——— e

¥ The preglacial gradient of the Cheney-Palouse
tract was 20-25 feet p2r mile. Flint's estimate for
the slope of his fill v.as 13 {cet per mile. Thus the
deposit at Hooper (60 miles from channe! head and
1112 fvet allitude) kad 1o he 420 feet thick (13530
feet AT.) Lefure any apgradation began at the head.
Uy the tine agrradition was complcted, it was thus
275 feet thick on the divide summit (1280 fect AT,
2 miles sacth + ifonpicr) and therelore had to lap an
impossible 1+ feet up on the bordering locssial
scarps. A mincr ereor in his Figure 8 is the Lar scale
by which the 60 aiiics of length measures 120 miles.
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that Flint claimed. With this denial, the writers
agree.

An outstanding infulicity in Flint's concept
of a Cheney-Pulouse fill is the quantity of
debris denanded before the scabland was made.
An average thickness of 100 feet on the 800
square-mile tra«t north of Hooper would require
a volumc of 13 cubic miles. Subtracting for
porosity and glacial contributions, this still
remains a funtustically impossille quantity to
detive from subjucent basalt before scablund
was croded.

When Upper Grand Coulee’s cataract receded
through the monoclinal uplift, the new channdl
head thus affurded was 800-900 [ect lower than
any other in the complex. All other seabland
channdls then ccased functioning, unless for a
possible very brief late closure of Grand Coulee
by glacial ice. ence the removal of Flint's
valley fills must have been completed before the
opening of the low Grand Coulee route.

A dozen separate valleys east of Grand
Coulec led glacial water 1o Quincy basin (Pl 1),
Their supposed fillicgs must have been carried
off to that Lasin before Grand Coulec's capture
of their rivers. If we grant that there was time
enough for this, was there sufficient capacity in
Quincy Lasin to contain their debris in addition
to what the great Coulee itself contributed?

The profusion of granite boulders along
Rocky Ford and Willow Springs channels in
Quincy basin gravel indicate that they were in
use before Upper Grand Coulec’s receding
cataract had reached the Columbia valley.
Drumheller Channels were well deepened by
Rocky Ford and Willow Springs discharge, and
Quincy basin's initial storage capacity was cor-
respondingly decreased. Yet there is clear cvi-
dence that Upper Crab Creck glacial river was
still functioning. By Flint's reasoning, it was
still discharging gravel into Quincy busin,

Nefl cstimates (from U.S.B.R. data) that a
“bare minimum” of 11 cubic milcs of rock was
eroded in muking Grand Coulee and associated
distributary coulces, all of it carried into
Quincy basin. 11e¢ finds that, if this dcbris had
remained in the basin, it would have made a
fill three or four times as thick as the existing
deposit of scabland gravel. Thus this basin's
fill, even il restored 10 a pre-channcling plain,
cannot possibly represent the total debris con-
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tributed alone from Grand Coulee and its
scabland complex. Great quantitics must have
Eone on out Ly way of Drumheller, Othello,
Koontz, and Lower Crab Creck. Add what was
yielded by erosion in these deeply bitten dis-
chargeways. Consider that all arc largely empty
tuday. Note that Pasco Lasin, also largely
empty, lics almost immediately downstream and
its highest “remnant’ of Flint’s or Allison's al,
Prist Rapids bar, 860 fcct AT, fubids 3
grulient for  contemporancous ctusion of
virtually all these channels. Where has this
dubris of the hypothetical fill goae if not into,
and through, P'asco basin? Lake Lewis Jid not
ccacide with any scabland floods.

Repetition of Floods

(Bretz)

Il flouds of comparable volume repeatedly
swept down the Cheney-Palouse tract, scabland
making on the Paluuse-Snake divide v-ould bLe
tesumed each time along the pattern left by the
preceding flood. This behavior would be
changed only after Palouse Canyon’s upper
falls {row only 20 feet high ncar the head of the
200-foot canyon) had retreated across the di-
vide and only if later floodings could be carried
off through it and the old Washtucna Coulce
route. Did more than one flood cross the summit
of the divide?

One approach toward an answer lies in rela-
tions of Paiouse Canyon to the bars south of
Srake River at the junction. The top of the mid-
canyor. bar is 130 fect higher than the foot of
lower Palouse Falls, only S or 6 miles distant,
and 00 feet Ligher than the foot of extinct HU
Ranch cataract. Were these “waterfal]” canyons
eroded Leneath the deep torrent that made the
barg, or are they products of a later flood?

Matthes (1918, p. 258-259) has described the
intense, quasi-vertical, vortex suction in turby-
lent strcams (his Type 1I1) as kolk action,
calling it “Lrobzbly the most important macro-
iwwrbulence phenomenon in” natural streams”
and “the most powerful form of concentrated
energy at work on strcam beds.” Once the yn-
paralicied magnitude of scabland streams is
tealiced, the kolk, which is essentiully a sub-
fluvial tornado in structure and in velocity
rclative to surrounding turbulence, can rcadily
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be accepted as the lifting mechanism in excava-
tion of the great rock basins.”

Matthes notes that the most effective pluck-
ing action of a kolk occurs on downstrcam-
facing vertical faces where cavitation is at a
maximum. Celilo Falls, at the head of the Dalles
of the Columbia, is 20 feet high in low river
stages but dis .ppears during floods when it
becomes a “subfluvial cataract” with maximum
kolk action on the same rock in which the
many scabland falls were developed. Can this
idea be extended to include the production of
subfluvial erosional forms which, after the
strcam has vanished, look like abandoned water-
fall cliffs, plunge pools, and recessional cataract
gorges?

The lack of continuous marked channels
leading across the Palouse-Snake divide to the
several abandoned cataracts is comparable to
the relations of cataracts on Trail Lalke anti-
cline’s southcastern limb. It dcbars any reason-
able interpretation of such cataracts made by
individual strcams across ecither divide. De-
velopment beneath a wide sheot of water is
demanded, and this would require subfluvial
origin by kolk action.

1f II U Ranch and Palouse falls and their
recessional gorges are not explicable by the kolk
concept, then there must have been some
marked change in conditions, particularly in the
level of water or dcbris in Snake River Canyon,
after bar building and before completion of
scabland canyons, a change at least suggesting
two cpisodes of flooding across the divide.

Another approach toward an answer is sug-
gested by the much smaller proportiors of the
short channel lcading to the 11 U Ranch eataract
than thase of the cataract itscll before the
notching of its lip. JUis comparable to the minor
channcling above the lip of Potholes cataract
and suggests the same thing, a later and smaller
flood.

The lowest brink of H U Ranch falls has the
same altitude as the top of the shoulder bar
although 7 miles farther up the glacial stream.
Most of the rim of the Davin gorge is only S0

7 Mr. Matthes permits us to quote from a letter
that “as repards kolk action, the negative pressures
involved would casily account for effective plucking,
especially in the case of columnar basalt whose
shrinkage cracks would facilitate plucking.” He
adds “I like your compatison of a Lolk to a tornade”.

fect higher. Unless the cataract and porge arc of
subfluvial origin, or adequate lowering of watet
or debris in Snake Canyon occurred during
given flood, this third approach indicates that
two episodes of flooding are required for thew
relations, the shoulder bar dating back to an
unnotched Lrink of the falls.

A fourth approach lies in scabland canywn
relations in the vicinity of Davin Ranch (Fig.
19), west of the large group of residual locssial
hills interrupting the summit scabland of the
divide. Several square miles of prescablaml
Talouse locss topography =3 between Palou +
Canyon on the cast 2+ the H U Ranch
cataract and Davin gorge on the west, and ¢
tend south to the brink of Snake River canyun
A small scabland coulce crosses this residual
tract, from northeast to scuthwest, and cnters
the gorge at the Davin Ranch. It heads in a
group of irregular channcls which are cascad
chutes rather than cataract alcoves. The lat
mile of this coclee is wide and gravel-floor .
It obviously is a miodified, minor, preglacial
tributary of the Snake, as also is the last. d

" miles of the Davin gorge.

This tributary’s gravel flat hangs, without
any notching, about 140 fect above the adjacent
gravel-covered finar of Davin garze. This scane.
too great to ascribe entirely to eacess depths «f
water in the main channgl over that in the
tributary. It scems obvious that the gorge floeor
was lowered after the tributary ceased to flr.
Although water for bath the tribuzary cascarl
and the main cataract had to cross the un-
channcled divide summit 2t 1280 feet A.T. 1+
fore entering cither ore, the channel to the:
cataract headed 3 miles farther upstream thin
did the cascade channcl. Also three other
cascade or cataract gorges, tributary to Palau
Canyon, head at this altitude within a mile «f
the I1 U Ranch channuel head. All must have
operated after Davir's tributary cascade chut~
ceascd to function.

A filth approach lies in two sets of glacial
river-bottom records, separated by a vertic:d
interval of 150 feet or more. A channcl arnuz-!
the southcra slope of the semi-isolated hill a:.d
its appended shoulder bar (Fig. 21) has a fioer
at 810 feet A.T., approximatcly the same 2!ti-
tude as the Duvin gorge floor at the junct'.n
of its harging cascade-chute tributary. 1s0.-




..

1030 WRETZ KT AL.-. CHANNELLD SCANLAND oF WASHINGTUN

tances to the Snake are 2 and 114 milcs, respec-
tively, and the mouthings in Snake Canyon are

only 2 mjles apart. In contrast, the shoulder -

bar's attish sunmit (at 1000 feet AT)is 100
feet above the channel to the south, and the
cascade chute's gravel g) (between 960 and
1000 f-et AT is 120-160 fect higher than the
Davin gorge floor. These relations strongly sug-
gest that two fluods crossed the Palouse-Snake
divide, the earlier one making the shoulder bar
and the cascade-chute L, the later one finding
lower levels (of ponded water or a delris fill} in
Snake Canyon ang conscquently scouring oyt
the channel south of the bar and lowering the
floor of the gorge. The abundance of large
boulders on the brink of the Davin terrace
overlooking  Snake River and the unfilled
blunge-paol trench at the foot of the falls (Fig.
19) testify that JI U Ranch cataract was
operating at high efliciency to the very end of
the second fleod.

Cucney-Pavouse Tract Norry oF
Patovse-Sxaxe Divioe

Maps: Benge, laas, LaCrosse, Starbuck and
Washtuena quadrangles; USG5,

Multiple Segr ps
(Bretz and Smith)

A traverse from Sprague 1o Washtucna
(PL 1) and a re-cxamination of the Willow
Creek Lar constityte all the study given to the
tract north of the Palouse-Snake divide in 1952,
The traverse wag made to find multiple scarps
in the bordering locss Llufls, features which
Flint had stressed as “cunspicucus” evidence
for his cpisade of disscetion following the
agzradation. Bretz had No noles or memorics
regarding such things.

Four possilile multiple scarps were seen in
this 50-mile traverse, The lower membes of cach
double scarp was a rounded form, not a sharply
cut beneh, appearing low on the slopz and hav-
ing a narrow treag, Time did not permit ex.
amination on foot, and commenis here are only
suggested alternatives 1o Flin's explanation,
Onesugpestion js thatlow gravel bars depasited
against the Luse of the loess searps ang subise-
quently scarped in tyry would produce this

flcet of erosional terracing in the locss (L 1
fig. 2). Another suggestion is that masked basa
ledis inay be responsible.® Another s base

“prow-pointed hills,” Another, thought to Ln
supinrted Ly other features of 3 particular case
is that they are remnants of the prescablanc
erozingal topography, so situated thag the
EPint, steep slope appears to Lelang to the
scabland ensemble. A fifth Sugyestion is born of
finding Luricd, calichified zones clegsy here in the
Palouse locss. Such, being more resistant,
coeid produce the efleet of multiple scarps
where subjected 1o lateral erusion. A sixth
alteraative comes from lecating Yling's most
convincing double scarp (his PL. 6, fig. . Itis
A mude back up a narrow nonscablund tributary
of Wachtucna Coulee and 250 feey kigher than
the caulee fluor, Although locssial scarps facing
the coulee along this stretch have bases little
kigher than this, only back filling could have
occurrcd here. At (he entrance to \\'a;hlucna,

Y £idugical map.) The feature he illys-
trated is, as he admitted, a record only of the
local stream's work, which surcly is post.
scabland.

However, double scarps could be produced by
glacial-river strands which did not, ir. thejr first
operation, cut down to a basalt flout ard hence
bad Giportunity in a later flooding 1o deepen
in Jocis. This brocedure would Le favered if an
adiacent larger strand had been decpened
suiliciontly during the first episode 1o give
exeeptional gradient 1o the smaller one in the
fecond. Indeed, eight of the doulle searps listed

v Flint are closcly associated with such small

¥ Beyan (1937) figured a loessial island in the
Chendy - Palouse tract near the Ralston divide cross-
ngihisfzure A of Plate 1, shous 50 feay ¢! Lasalt in
the iow s slopes of its scarp. Dretz studied that hill
aitr Bryan had called his attention 1o it. To get
30 fect of Lasalg TeqUires measurement from the
battom of 3 clotely “agsociated scabland channel,
and orly the northern end of the hill kay any ba-alt
in the 2D, A low, south-facing ledze of prescab-
land 020, tracealle for a few miles Latenally out
acruss the scabland on cither side, pirovides this
Lait, Fnough retreat of the ledge occurred under
the scalblang river's erosion to lcave a foundation
oL La<altin the lawer part of the scarp. Rryan notes
;1...;&1::X;; of the Lasalt in the scarp “by slump of soil
ren above "
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channcls separating small locss islands, and
only three face large channchways.

Although Allison (1941, p. $5) described no
such tapographic forms, he accepted Flint's
statement regarding their common occurrence
but detived the multiple scarps from local ice
jams.

AMeander Scars
(Bretz)

Locssial islands are strikingly streamlined
with the glacial-river courses (P16, fig. 1), and
most of them have sharp prows pointing up the
gradient; obviously thcy have been made Ly
glacial-strcam crosion. But do these narrow,
elongated, residual hills and the narrow,
clungated channcls separating some of them fit
the pattern that would be left Ly a stream (or
streams) as smal! as the Snake, mcandering on
“great arcas 10 to 20 miles wide"? Where are
the meander scars in the loegeial scarps?

Flint did notc four examples of “crescentic
undercut faces and slipoff slopes” (1938, p. 475)
in the scabland deposits, none of which remotely
approaches the Moses Lake pattern, Lut he did
not state, as he did for multiple scarps, that
there age “scores” of cases. There is no comment
in his paper indicating that the “scarps and
benches streamcut in the ‘Palouse soil’. .., re-
cording strcams cutting laicrally on various
profiles” (p. 472) bear any mcander scars.
Topographic maps, acrial photographs, and
ficld inspection have revealed none to the
authors. :

Flint’s “leisurcly streams with normal dis-
charge” began their work of degradation in
many places on a fill banked up high (90 {cet in
his fig. 4) against confining loessial slopes.
Removal of such fill to expose and in most
places to scarp, the buried locss apparently in-
volved no normial meandering. Indeed, he found
places where the relatively coarse stream fill
had been removed and pre-fill, niscarped stoped
of the finc-teatured locss “exhumed by rinsing
rather than by the more drastic process of
lateral planation™ (p. 486). This process of
“rinsing" is not quite convincing.

Fardley (1938) was impressed by the “magni-
tude and manifest rapidity” of Yukon River
incandering. Reports of residents and ages of

v

trees in aLandoned channeds led to his estimate
of 1000-2000 ycars for a meander Inop to shill
acruss the 10 mile (average width) flood plain.
He judged the Yukon to be degrading ifs valley
floor in the process. Concomitant widening,
where meanders undercut valley walls, is
largely in frozen “Yukor silts”, and the greatest
width attained is 35 miles.

The loessial Uluffs undercut by Flint's
Cheney-Talouse glacial river may well have
been similarly frozen, but his stream’s load was
much coarser than is the Yukon's, its gradicnt
much greater, and volume of water much less.
Any possible meanders thercfore were smalicr
and lcss active. One wonders how long this
scabland river's meanders required for removing
the great fill of Flint's hypothesis—i.¢., how
stowly the Lake Lewis dam wasted away.
Valley glacier and landslide dams in historic
time have had very bricf lives compared with
Lardlcy's estimate for one valley-wide meander
sweep. Tpeirogeny as fist choice for the cause
of the fill-and-cut sequence would have escaped
this particular criticism. .

Ve can aceent heavily laden, braided, aggrad-
ing stroams with gradients of 13 fect to the
mile (Fliat's figure) but rot degrading rivers
approximating the size of the Snake which
meandered on gradicnts increasing to 20-25 fect
per mile. Allisen (1941, p. $6) called “im-
possible” Flint's concept for removing the fill
he postulated. The writers agrec. Furthermore,
they Lclicve that such strezms could not have
eroded the bedrock scablands, even with their
final hyd:raulic gradient doubled.

Willow Creek Bar

(Bretz)

The rew Benge and LaCrosse quadrangle
maps show that Willow Creek fows from a
typical, mature Palouse locss topography into
a fiat nearly a mile wide south of LaCrosse.
The cteok chirts this flat in a ravine about 50
feet decp and thence enters a narrow valley,
which it lzaves to traverse scabland to the
Palouse. The ereck still [ollows its prescabland
course, Lt the marked valley widening south
of 1.aCrcsse is due to convergence there of six
or seven lateral placial channels {rom the north,
scpatated by clongated locssial islands (TFig.
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22). Three of the channcls are botloined on
basalt at their heads and the broad flat is sur-
faced with basalt gravel.

The Willow Creck bar lies almost at the
valley’s entrance into scabland, in sections 23
and 26, T 15 N., R. 38 E. Bretz (1928a, p.
637-618) duscrilied it as a ridged gravel deposit
once built across the creck valiey and subsc
quently trenched through Ly a narrow, post-
glacial gulch, Flint (1938, p. 478)—finding (1)
cut-and-fill recorded in lenscs of silt included
in this deposit, (2) furc-sets dipping both up
and down steeam, and (3) [ailure of some to dip
parallel with the surface slopes—claimed that
this valley barrier was “a remnant of a formerly
continuous fill."” .

Allison (1911, p. 68-69) agrced with Bretz
that the bar is constructional and wondered
“how ordinary streams could have removed
{Flint's] fill in the scabland west of the bar and
yet have left the numerous Palouse istands and
the seven channels across the divide west of
LaCrosse cxcept under conditions of ice block-
ade”—conditions which he did not specily.
One unavoidable condition was that the ice
blockade must have been 10 miles from end to
erd across the entire Chency-Palouse tract
(with one central interrupting locssial island)
and about 400 fect thick in the deep preglacial
Palouse River and Cow Creek valleys on cither
side of the island. Another limiting cendition
was that the supply of floating ice must have
been abruptly terminated on completion of the
dam, or the dam must have promptly failed;
otherwise the scven narrow channels could not
bave escaped similar Llockading.

As shown by fore-scts in highway, railroad,
and creck trenches, the Willow Creck bar is
composite, composed of busult gravel brought
upvalley from the west, and sand and light-
brown silt Lrought downvalley from the cast.
A marked disconformity shows that there were
two cpisodes of deposition separated by an
interval of crosion. .

The form of the carlier deposit no longer:
exists. 1ts exposed gravel is largely horizontally
bedded but has eastward-dipping fore-sets
Jocally. It dammed Willow Creck, causing later
deposition of silt on the upstream (east) side,
lenses of which tongue out west vard into gravel

. rchandled by the creck during the crosional

interval. The creck subsequently cut a ravine
through the deposit and, as shown in the high-
way scction, made a steep, cast-facing Liufl.
During the sccond dcpositional episode,
seabland water from Palouse River valley swept
up lower Willow Creek, eroded the west slope
of the first drpwsit, tossed gravel over the top
and down the face of the stream-cut blufl to
build the conspicuous, long, east-dipping fore-
scts that occupy the whole vertical range of the
cast hall of the highway cut. The lLar thus
reconstructed a barrier to the creck, one that
the stream lias 2gain succeeded in breaching.
‘The catlicr deposit may also have been a bar,
or it may rccord & prescabland Talouse-
Washtucna valley train, here built back in
deltaic fashion into a tributary valley's mouth.
If the bar form were only a remnant of a
former countinuous fill in Willow Creck valley,
why is it lingering in this narrow place® where
six or seven glacial channels from the north
discharged across it and where the drop today
is 80 fcet along the crcek, and 200 fect from the
bar top, to the Palouse 13§ miles away? It

- should long since have disappcared as did most

of the glacial-river deposits under which Flint
Luricd the whole, broad, flattish Cheney-
Palouse tract. Its location is the last place to
expect a lingering remrant.

SLACKWATER SILTS NEAR PALOUSE-SNAXE
Joxcrion

(Bre:z)

The fill-and-cut or ice-jam theory may ap-
pear to find support in the slackwater silts back
in valleys tributary to the sgabland ang in the
Snake and its tributaries upstrcam from Palouse
River junction (Bretz, 1929; Lupher, 1944).
These silts are similar te the Touchet beds, al-
though commonly they record currents flowing
up the tributaries. They do not occur near the

" At SO feet above the creck, the ravine across
the bar is = third to & quarter as wide as the creek
vallcy for the next 4 milus upstream, and at 100 fcet
above, it is less than half as wide. Summit of the bar
ridge is about 30 feet Ligher than the creck at the
transcction, and less thar, 1300 feet AT, Flint's fill
was ncarly 430 feet thick here (1938, p. 478), reach-
ing 1700 fect A.T. Thus more than 4£fcet has been
crodcd away to lecave a mile-wide valley bottom
just upstream from this constricting ridge at right
angles to the valley length.
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torrent-made bars in the region of the Palouse-
Snake junction, suggesting that they are con-
temporancous. Rrctz has no very dcfinite
interpretation to make, except that (1) they
clearly are deposits from glacial water that was
flowing back up the tributaries from the
Chency-Palouse seabland and Snake River
canyon, (2) they record some thythm or repeti-
tion of conditions, and (3) they are only mantles
ranging through a maximum of 700-800 vertical
fect on the slopes. They are not terraced
remnants of a continuous fill "o thicir upper
limits which are cssentially .. ,se of floated
erratics upstream in Snake River canyon, 1300
feet AT, Some exposures in valley bottoms
probably are in materials reworked by post-
glacial streams.

Fresh highway scctions were available in
1952 in the bottom of lower Tucannon River
valley, which enters Snake River just upstrcam
from the mid-canyon bar. Herc a massive silt
without current bedding appears to be the basal
member, It could be a turbidity-current de-
‘posit. Disconformably overlying it is a fine
sand with scattered pebbles, sume consisting
of the massive silt, and with some thin gravel
units. At the base of this member may bLe a
breceia of the massive silt. Channel cut and fill
is common along the disconformity. Fore-scts
record an upvalley current. Coarser material
lies above and intertongucs with this member.,
This also contains upvalley fore-scts. Sorting
is very good locally in this third member, and
there are some silt lenses and pebbles of
forcign rock. -

Equally significant but somewhat different
records of a surge from scabland channels back
up preglacial tributarics with no other access to
glacial water enist in every valley entering the
Chency-Palouse tract for 50 miles north of
Snake River canyon (Bretz, 1929). The deposits
constitute a mantle of loess-derived silt with
abundant angular grains and granules of un-
weathered basalt, a scattering of pebbles of
forcign rock, and some crratic boulders. Com-
monly this mantle is unsorted and unstratified
except locally on valley floors. Where bedding
exists, it commonly records upvalley currents
from the seabland. The upper limit in any one
tributary valley corresponds to the upper limit
of glacial-river water at junction with the main

BRETZ ET. AL—CHANNELED SCABLAND OF WASIIINGTON

dischargeway. The deposits are thickest and
coarsest in  the tributary debouchures to
scabland, and any stratification in such places
is prevailingly forc-set out of the scabland and
up the tributary. In numerous places, they
arc mounded scabland gravel deposits with
long delta fore-sets comparable to the bars
already described.

The outstanding feature of this backwater
silt is the record of repeated upvalley currents
during deposition of as much 2s 40 feet of
matcrial. No record of downvalley currents,
except where postglacial rehandlirg is probable,
have been found. A bursting dam farther down
the Snake or Columbia would incvitably make
strong currents downvalley. The coarser char-
acter of the matcrial near the valley mouths
and its gradation, in the farthest upvalley
deposits, into a fine silt without sand or granule
gravel units scems to indicate that it is grada-
tiurial with scabland scediments, but neither the
fill-and-cut theory nor the ice-jam theory can
account for the reverse currents, the mantle.
like character of the depesits, or the succession
cf cvents recorded. Repoated upvalley surges
from the scablands could leave such a record.

Perhaps two kinds of backwater episodes are
recorded in these deposits, both with upvalley
currents. The well-sorted, well-stratified valiey-
bottom deposits may be thc conscquence of
micltwater incursions from normal valley-train
building along the main scabland routes. Be-
cause, however, floods have all but destroyed
any record of valley trains, survival of such
valley-bottom sediments seems anomalous.
Furthermore, their existence in Snake tribu-
tazics above the Palouse junction requires a
Pilouse canyon, an Allison ice dam, or a Flint
fl in order 1o cress the divide.

Gracial LAKES MiISSOULA AND
Corur D’ALENE

Maps: Greenacres, Mcdical Lake, Oakesdale,
Packsaddle Min., Priest Lake, Rathdrum,
Spokane 1911 and Spokane N E 1950 quad-
rangles: US.C.S. .

('Breu)

The Dleistocene history of the region is still
only sketched, but the writers believe it reason-
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able to postulate that Glacial Lake Missoula's
history included several duimmmings and several
burstings. Pardee (1912) has duscribed giant
current ripples, huge bar deposits, and greatly
scourcd salients along and north of the narrow
Clark Fork Valley portion of the Lake Missoula
basin, produccd by “a sudden failure of the
ice dam that blecked this valley™ and the cscape
through it of a large volume of water impounded
in the Rocky Mountain Trench. lle calculated
the discharge as nearly .9'¢ cubic miles_per
.hour, and his title, *“Unusual currents ... " isa

fine example of undeestatement, Cpqlig:uous_'

“discharge at this rate would empty the lake in.
about 2 days. But Lake Missoula could not
have been emptied across the platcau until,
Upper Grand Coulee's cataract rccession was
complcted. Extensive, thick, varved silts and
clays, with glaciated stoncs dropped from
bergs, probably tell of long-continued occupa-
tion of the dceper portions by a much smaller
glacial lake or lakes. The varved sediments in
the Ritterroot Valicy portion lie a few hundred

feet higher than comparablle deposits in the |
Rocky Mountain Trench, yet are farthest from

any lobc of the Cordilleran icc-sheet. There
arc outwash grovels above silis and similar
gravels beneath silts, and relations vary in
different ars of the very irregularly outlined
lake. Pardec’s illuminating discoveries® are,
only the beginning of what eventually should
‘be a serics of detailed studies of glacial pondings
in western Montana.

" Bretz has examined the mountain summit
at the extremc northern end of the Bitterroot
Range where the Clark Fork and Pend Orceille
valleys diverge southward, (Figs. 23, 24) and
against which the glacial dam for Lake Missoula

® G. A. Thie! (1932, p. 452-438) has described
giant current ripples made by an obscrved abrupt
emptying of & Minncsota lake. The ripplcs were
30 10 S0 fect apart. They thowed size sorting; coarser
fractions of the dilris were left in the troughs as
winnowing carricd the fincr gravel forward to the

crest ¢’ the ripple. Fore-set bedding in the rippless

conforinable with the lee slope was not reported,
although Pardee noted and figured such structurein
his 1ake Mlissoula piant ripples. This item of fore-
set steucture is laching also in the argument of the
present writers because no sections were found in
the scabland ripples, and there was no opportunity
to make any. Neithar were lag-coblide collections
scen in the troughs anong the scabland ripples, per-
haps beeause of inconspicunus display, perhaps be-
causc the rippled grave! was alieady well size-sorted.

was built (I'riest Lake quadrangle map, Idaho-
Montana). There is no notch at 4200 fect where
Davis (1921, p. 140) speculated on an outlet.
The ancroid read 4800 fcct for the Jowest saddle
scen on the ridge, a saddle that has no channel
features.® No suppestion of glacial ice above
3550 fvet was found in the northwest branch
of Jolinson Creck valley, the route followdd to
the sumumit. The highest record found, a granite
boulder, may have been berg-floated. The
summit of the cliffed northern end of the range
is 2000 fect above Pend Oreille Lake surface
only a mile anay. The stcepness of the ice
front here makes feacille a concept of cata-
strophic caipitying of the lake, once wcakening of
the dam began and hydraulic quarrying under
a head of 2000 feet of water took over. Lake
Missoula probably never had an outlet, other
than channds across, leakages through, and
failures of its glacial dam. }ad the dam re-
mained intact through any oac glacial episnde
the lake certainly would have risen to the
lowest saddle. Discharge there would have
channeled it and madc a striking cascade chute
down the western slope

The multiplicity and very immature develop-
ment of Lake Missocla's shore lines argue
against a long stillstand at any onc level. Al-
though the highest of the serics is no stronger
than any others, the universal faintness may be

. duc in part to submergence as the basin became

filled. If there were several fillings and empty-
ings, the weak and close-set shore lines may
constitute a composite aggregate of later

. mountainside scorings  interpolated among

carlicr oncs, the vertical sequence not being one
also of time as Eakin and Honkala (1952, p.
1361) conceived it to be.

Although the late Wisconsin  (Polson)
morainc in Flathead Valley may have been built
subacrially when no Pend Orcille glacial dam
cxisted, and the shore lines on this moraine
inscribed later {Nobles, 1932), it docs not follow
that there had rever been any carlier pondings
in the Lake Missoula valleys. The Eimo morzine
at the hiead of Dayton Bay, on the west side of
Flathead I.ake and contemporancous with the
Polson moraine, has a few faint Lake Missoula

@ Packsaddic Mountain quacrangle map, L. S.
Geol. Survey, pubdished subsequertly, shows a lower

saddle farther south, but it is 4600 feet AT, 400
fret higher than the lake’s highest shore linc.
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shore lines, whereas the valley slopes just out-
side the moraine are well scored with aumcrous
fairly definite shore lines, certainly older than
the moraine. Furthcrmore, outwash from the
moraine occupics a trench cut in a valley floor
of lake silt. There may have been no Lake
Missoula in the southern part of Flathead
Valley when the Polson and Elmo moraincs
and the Elmo outwash were deposited, but
there was one before and onc afterward.@

—————
“W. C. Alden’s long-awaited Physiography and
tlacial geology of western Montana and odjucent areas
(U. S. Geol. Survey, Prof. Paper 231) was distrib.
uted just before the manuscript_for the present
study was submitted. Al'en’s (19533) comments on
glacial lakes Missoula and Cocur d’'Alene and the
plateau scablands involve the following items.

(1) (p. 155) The 4200-foot saddle of col across the
summit of the Bitterroots that Davis thought
might be a Lake Missoula outlet was similarly inter-
preted by Alden. This idea is based only on
study of the 1913 I'riest Lake topogm;hic map
(scale 1:250,000 and contour interval 200 feet).
Neither man could have made a field examination.
Alden was “certain that the glacial ice dam was

morte than high enough to have held a lake up to
the level of this col” (p. 143), but he obviously never
had studied the Packsaddle Mountain quadrangle
m

an,

2) (p. 142) “There were probably at least theee
glacial invasions of the Pureell Trench”,

3) (p. 143) “It is robabile that every time the
Rathdrum {I'¢nd Orcj !¢] lobe of the Cordilleran ice
advanced southward alung the DPurcell Trench, it
crowded southeastward [rom Pend Oreille Lale
basin into the valley of Clark Fork whose drainage
became completcly dammed ... [forming a Lake
Missoula),”

(4) (p. 155) “There seems to be no doubt that the
mouth of the gorge of Clark Fork was dammed at
least twice near the Idaho-Montana line.., "

(5) (p. 143) Glacial ice “must have crowded
lfainsl the lower slo of the mountains west
of....Lake Coeur d’Alene and must have overlain
the 2500-fcet Lasalt bench west of Coeur d’Alene
{town).”

(6) Grand Coulee 23 3 discharge route for water
from Lake Missoula is mentioned (p. 146) undce
“Pre-Wisconsin Claciation”, its sill at the head
noted as 1600 fect A.T. There is no comment on the
time or conditions of Grand Coulce's origing; only the

i pticn that the great gash then already
ezisted at full depth. Under “Wisconsin Stages of
Glaciation” Grand Coulce is again  mentioned
(p. 119) as part of the discharge-way for “another
6lling of glacial Lake Missoula”, and it is 2lso statedd
that glacial water may “have spilled over the part
of the basalt plateau south and west of Spokane if
the Grand Coulee was not open”,

(7) (p. 155) *The relatively slizht amount of wave
work recorded along cach of the ... delicate shore
lines of Lake Missoula would scem to indicate that
0o one stand of the lake was of long duration. The
close spacing of the shorc' 1es seems Lo indicate that
the lake level fluctuated a aunLer of times”, Abrupt
release of water from *“lowering of the ice dam . .

1037

One critical region for the theory of a Lake
Missoula catastrophic burst is the southwestern
prong of the Purccll Trench. Iy extends (rom
the site of the dam to the deep Spokane and
Columbia valleys which skirt the northern
edge of the plateau where overflow into the
scabland chaunels occurred (Fig. 24). The
trench, confined by highlands rising above the
plateau level, contains remnants of basalt flows
that were backed up into it. It also containg a
great gravel depasit for its ful] length southwest

might result in floods of Ereat magnitude ., . even
if Lake Missoula were on) partially drained. Fach
may, perkaps, have been the origin of many vivlent
floods that are $ppased 1o haze swept over the scab-
lands. ... (italcs ours). Thus Alden retreated
slightly from his 1927 position.

(8) (p. 165) The Polson moraine “insy have been
deposited in the lake™,

[¢)] Conctrning Pardee’s giant current ripples,
Alden said (. 96) of the “somewbat puzzling fea.
tures” that “some of the numerous small rips.!cs are
beach ridges or bars. .. and some ... may Le due
to moderate erosion of coalescent alluvial fany ,_ »
No genesis for the large ripplcs, up to $0 feeq high,
wudnoposcd. The most desperate efforts to escape
the flood hypothesis can hardly dare use the above
ideas for t
summits,

(10) Alden admitted (pp. 96-97) that one of Par.
dee’s channcly (Rainbow lake gap), contemporan.
cous with his current ripples,
were at some time trav

€ current ripples on scabland bar

floor of the Camas Prairie Basin on the cast and
above the botiam lands bordering the Little Nitter-
root . .. to the northwest”. Instead of Pardee’s ex-
Planation, Alden favored cither 3 glacial tiver mar.
ginal 10 & possible Camas Prairie lohe (fur which
lobe existence be admitted that he could find no field
evidence), or a normal tiver in Pliocene or early
Pleistocene time, its drainage coming from the sur-
face of a vanished basin ful of Tertiary sediments.
But Pardee described the channel as “severcly
scoured, exposing the bedrock which remains
bare...."” and as sessing “‘channel depressions,
several of them hols’i':g ponds or marskes”. Rainbow
Lake, 1€ milcs long, is the largest unfilled depres-
sion. A Pliocene or early Plcistocene age for the
channel is very doulitful indeed.

(11) The massive “high ¢ddy deposits” of Pardee,
earlicr called deltas by Campbell (1918, p. 147) and
latezal moraines or morainal embankments by Davis
(1921), Alden (p, 159) considered them to be gulzh
mouth fills or “lacustrine bars” made at different
times during Lake Missoula’s history. But harmon.
izing their bulkiness with Lake Missoula's “delicate”
shore'ines is inpossible, The ridged valleyward mar.
6ins . their summits and the undrained depressions
farther back in the gulch mouths were explained as
due to “scttling and decpening” as “percolating
walter may have cartied some o the finer material
down into the interstices - . [of the coarse materia]
of the depiosits)”, Disposal of coarse contributions to
these Lasing from subscquent gulch erosion was not
discussed.
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of the dam. This rcgion has been examined only
in reconnaissance fashion.

Lake PPend Oreille, at the site of the dam, is
relatively shallow north of the entrance of the
valley (Clark Fork) which contained Lake
Missoula’s westernmost portion, averaging less
than 200 fect and containing several islands
South of this junction, the basin of the lake
decpens abruptly to reach more than 900 feet in
depth for nearly 15 miles along the length and
more than 1140 feet for more than $ miles.
(See Packsaddlc Mtn. quadrangle map.) Its
maximum depth is reported to be 1800 fect.

The lake surface is 2051 feet AT, (2018 in
1946), and the bottom js therefore 900 feet or
less AT, in the southern part. This is 1000 feet
lower than the Lrink of Spokane Falls nearly 50
miles downvalley to the southwest and is ac-
tually lower than the Ledrock foundation of
Grand Coulee dam morc than 0 miles still
farther west.

This decp part of the lake, constituting two-
thirds of its total length, closely marging the
western side of the northern tip of Bitterroot
Range, one Luttress of the Lake Missoula dam.
A clean-cut mountain wall rises in 2 miles from
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lake Lottom to average altitudes of 4900 feet  more in depth and & mile wide, leading from
AT. in Green Monarch Ridge. The lowest Peud Orcille T.2he 3s far southward as Lake
saddle in this ridge is 4600 feet AT, (Pack-  Cocur ¢ alene where Spokanc River, the lake’s
saddle Min. quadrangle map). This deep basin  outlet, enters it. In the Spokane Valley scction,
can hardly bc anytiing but an erosional product  which extends thence westward to the Falls,
of its glacial experiences, its southern part now  terracclike deposits of stream gravel, fore-set
deeply filled with gravel which rises stecply 400 away from the main vallcy, block the mou.us
fect sbove tl.c water, its slorz kettly a»d  of tributarics, making swamps or lakes in them.
mounded from deposition against glacial ice  In the Rathdrum Prairie section, comparable
(Pend Oreille lobc) then occupying the lake ponding of tributary mouths has also made
basin. ‘The Al obviously is younger than the  lakes (Cocur d' Alene being onc), but the
trough. blockades are in part morainic and they stand
Between the site of Lake Aissonla's dam and  higher than the Prairic surface.
the platcau scablands, the large basin of Lake . Flint (1936, PL 6) cousidcred that the inner
Cocur d' Alene (Fig. 24) extends southward  valley followed by Spokane River has been
from the Pend Orcille-Spokane valley, the eroded in an origiual fill which, still intact in
southwestern prong of the Purcell Teanch. Rathdrum, remains in Spokane Valley only in
Striated crratic bouldcrs at many places around  the gravel blockades to tributary mouths.
this lake up to 2700 fect AT. obviously were  This crosion entrenched the early fill at Spokane
berg-carricd to  position (Andcrson, 1927). TFalls about 150 feet and at the junction of
But ficld cxamination of the southern and Spokane and Columbia rivers, 45 miles farther
western stopes enclosing Lake Cocur &' Alecne  downstrearn, as much as 200 fect. He also con-
shows that it never hac an outlet dircctly 10 sidered that the upper profile never extended
the platcau. Its highest level is to be agsociated  farther down the Columbia but ended at or a
with upper limits of the scabland channel heads- little below 2000 feet A.T. because a lobe
west of Spokane, approximately 2300 fect AT. (Columbia) of Cordilleran ice blocked further
The lake, at 2700 feet, had at least four times its  transpurtation. How the meltwater passed the
present arca of 60 square miles and was 573 blockade and where it escaped were not speci-
feet deeper. 1t may have scrved as a great  ficd. The lower surface, ke believed, continued
surge basin. down the Columbia from this junction as a silt
Glacial ice has apparently reached southward  and sand deposit almost without gradient. The
down this southwestern prong of the trench as  ponded water was discharged through Grand
far as the drift dam at the north end of Lake Coulee (aftce Steamboat Falls had reccded
Cocur d' Alene 23 miles distant from Tend  through the monoclinal uplift) while the
Oreille Lake. This portion, now decply gravel-  Okanogan lobe blocked Columbia valley farther
filled, is streamless Rathdrum Prairie. At Lake  west. ¥lint considered the Rathdrum Prairie
Cocur d' Alene the course of the trench turns  portion of the Purccll Trench fill as the still-
more dircctly westward (the Spokane Valley) intact surface of the original fill.
and opens to the brealt platcau at the city of Although it scems more probable that the

Spokane. Here another lobe (Spangle) crossed  lower profile in Spokanc Valley is continued
the mouth of this trench, reaching some 15 upvalley as the empty Rathdrum Praitie
miles south of the city, out on the platcau.  channcl {not noted by Flint) than that the two
Probably the Spokane Valley part of the trench  profiles converge castward to become one near

e

was also ice-filled at this time. the 1daho-Washington line, as he thought, all
At Spokanc superposition of the river on &  altitudes and characteristics of the deposit show
remuant of the basalt tongue that originally  that the entire sequence is postscabland, except
‘ backed up the trench has made the Falls and  for late functioning of Grand Coulce.
protected the gravel fill upvalicy from decp There are still higher stream deposits, how-

\ dissection. The 6ill docs not, however, have 2 ever, lying in and marginal to the scabland
simple profile. In the Rathdrum DPrairie scction  channel heads a little west of Spokane; their
it is traversed by an empty channcl 100 feet or altitudes are as much as SO0 feet above the

S s
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upper profile in the mouth of the trench. If the
trench east of Spokane contains coreclative de-
posits, they must be the isolated outwash
patches shown vn Flint's Plate 6 (1936), 150~
350 fcct above his upper profile. The highest
of these fall within the altitude range of the
near-by scabland channel heads. The trench
between the Lake Missoula dain and Spokane
carries no other known deposits that might
record glacial water on its way to any scallund
channcl head except Grand Coulce.

Although all the Cordilleran lobes which
crossed 1o the platcau east of the Okanogan
Valley must have stood somewhat short of
maximum cxtent when the seabland chanucls
functioned, the decp canyons of the Spokane
and Columbia must still have been buried under
glacial ice. It secms entirely probable that the
Rathidrum-Spokane valley then also contained
glacial ice and therefore that the flood discharge
traversing it left no identifiable valley-bottom
deposits.

There remains the possibility of erosional
records, lying higher on the slopes. Five spurs
on the southern slope of Spokane Valley and one
saddle across the granitic hills scparating that
valley {rom the plateau to the south appear to
be significant. One spur is a basalt bench just
west of the north end of Lake Coeur d* Alene,
atan altitude of 2400-2500 fect A.T. Its surface,
2 miles long and nearly a mile wide, has typicul
scabland topography of knobs and Luttes and
ridges scparated by anastomosing channels
elongated parallel to the higher valley wall,
their total relief about 50 fect. That it is not a
glacially plucked surface is clear from the
character of glaciated surfaces on two other
basalt benches much nearer Pend Oreille Lake,
and in many places along the northern margin
of the plateau. Glacial ice smoothed the Co-
lumbia basalt; it rarely plucked except where
forced to climb north-facing slopes. This local
scabland, 200-300 fcet lower than the highest
drified crratics in near-by Lake Cocur 8' Alcne
vallcy but cqually higher than Rathdrum
Prairic, appears to demand glacial water es-
caping woatward between ice on the north and
the valicy wall on the south.

Glacial debris on this bench (see footnote 42,
item ) is probiably contemporancous with that
in the lake basin’s dam 2 or 3 miles farther east,
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and therclore belongs to the Rathdrum Prairie
glacial drift of pustscabland (except Grand
Coulee), valley-fill age.

Four northward-projecting granitic spurs
between the State line and Spokane possess
scoutcd and channeled notches close to the
higher, stecper valley slopes. Floors of the
notches range from 2200 to 2480 feet A.T.
The distal ends of the spurs are severely
scrubbed whercas higher slopes are not. The
spur ncarest Spokane, a ridge that locally
narrows the valley to about half, is just south
of Dishman (Spokane N.E. quad.). Its terminal
mile lics Letween 2000 and 2500 feet AT, and
is mostly barc and fairly fresh rock with a very
irregularly rugose surface. South of it riscs
a stecp cliff. Above that, the ridge bas &
cover of soil with protruding ledges of deeply
weathered gneissic and granitic rock. The bare-
rock part of the <pur carries several trans.
verse notches, some nearly 75 feet decp and con-
taining marshes. Aswith the basalt ledge at the
noith end of Lake Cocur d' Alene, these features
are ascribed to glacial water flowing westward
Letween an ice mass in the valley and the
rocky mountain side margining it, and escaping
across the scablands. No argument for great
volume can be advanced for these channeled
spurs, but seither can it be denicd.

The saddle across the range of old hills pro-
truding through the basalt south of Spokane
Valley is a bruad sag containing two col notches
2 dozen miles southeast cf Spokane, between
Mt. Moran (3700) and Mica Peak (5205)
(Fig. 24). The railroad station of Mica marks
onc col, from which drainage goes north into
Chesier Creck and southwest into California
Creck (Greenacres quadranglc map). There is
some channeling by glacial water in the decply
decomposed gramitic rock at the cols, but
obviously no marked cursent has ever traversed
the saddle froin Spokane Valley on the north
to the plateau to the south. Lrratic material is
common up to 2550 fect A.T., but none was
found higher.

. Flint (1936; 1937) mapped the Mia saddle
and most of the drainage srea of California
Creck as “drift-covered”—i.e., glaciated—with
Mt. Moran 15 a nunatak. It seems much more
probable that the scattered erratic boulders
and patches of 1ill on which he based his inter-
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pretation were berg-carriced to position. They
fall far short of a “'cover” for California Creck
drainage, and their upper limit is nowhere
known to be above 2550,

The ponded water for this flotation was
named Lake Latah (Rrets, 1923, p. 582) undcer
the impression that it was dammed by the
Spangle lobe at maximum extent. It has long
since been reinterpreted as a purt of an clon-
gated Lody of water just north of the platcau
divide which supplicd all the scabland channdl
heads. The “‘outlet” for the “lake’” was the
easternmost channel of the scabland complex
(Oukesdale quadrangle) (Fig. 24; PL 1), dis-
charging southward from the flooded valley
of north-flowing Latah Creck by at least three
subparallel and subecqual routes across the
plateau divide to southwest-flowing I'ine Creck
and leaving a well-marked glacial river course
(Fig. 24) thence for 20 miles down Pine Creck
10 its entrtance into the Chencey-Ialouse scab-
land tract. The combination of features {rom
Mica t6 the mouth of Pine Creck channel may

. be interpreted as the record of an carly flooding

out of Spokane Valley before much decpening
of the Chency-Palouse channel heads had
occurrcd.

The four heads northwest of Cheney (Fig. 25)
contain ninc named lakes in rock basins and a
multitude of rock-basined swamps and smaller
lakes. Five of these lukes lie cssentially on the
plateau  divide. Alitudes of channcl-head
floors range from 2300 to 2424 feet ALT. With
other channcl-head deepening, later floods may
not have risen to the bottom of the Mica col,
2475 fecet.

Nevertheless, a marginal mcltwater lake
must have existed back of the platcau divide,
and the abrupt arrival of a Lake Missoula flood
must have produced some gradicnt to its sur-
face. Upper limits of the “Lake Latah” part
should, thercfore, theorctically Le higher than
those farther west. Interpretation of Mica col
remains uncertain, .

Evidence submitted in this paper for great
volume of glacial water discharging across the
scabland-scarred part of the Columbia IMatcau
debars any view that it came from cxcessive
mclting  because of climatic amclioration.
Despite the present lack of convincing cvidence
for torrential discharge Letween the Missoul.s

dam site and the scabland channel beads, there
is no evidence to contradict the hypothesis that
tnormuus volumes of glacially derived water
were abruptly discharged across this part of
the plateau. Acceptance of Lake Missoula ag
the source invalves no further assumptions to
defend the idea.

Tempting speculations arise from the con-
Cept of a Lake Missoula dam burst, They
include:

(1) abundance of floating ice riven by the
dam's collapsc;

(2) magnitude of individual bergs (Bretz,
19300, p. 410);

(3) character of turbulence (excluding the
kolk), as conditioned by local channel volunie
and load and by inherited gradient and valley
shape;

(4) varying velocity of advancing front along
different channclways, as conditioned by dif-
fering  channel lengths, proportions and
gradients;

(5) diflering time of arrival of flood froats
and crests at various convergences; -

{6) lag in initiation of channels with higher
original sills at heads;

(7) diffecential yielding of various basalt
flos as conditioned by both original and
superimposed  structures  and Ly varying
volumes and gradients of individual streams;

(8) possibility that waning stages of a flood
made records suggesting successive flonds;

(9) possibility that subglacial leakage from
Lake Missoula made the excessive depth of
Pend Orcille Lake.

The writers have endeavored to avoid ¢
priori speculations as much as possitle. Almost
every argument for great volume staris from:
adequate ficld evidence. The cataract cliffs,
alcoves, and plunge pools, and the huge rock
basins on preglacial divide summits exist. The
enorinous, stream-lined piles of fore-set gravel
on channel floors are a2 verity. The giant current
ripples are, we believe, unchallengealle. The
upvalley currents in tributarics cannot be
denicd from the record, The scarped loessial
islands allow e interpretation other than ours.
Furthermore, there was 2  Glacial Lake
Misseula, 90 to 175 miles distant from, and
1700 feet above, initial scabland channel heads,
and it was empticd Ly continuous valley routes
dircctly toward those channcl heads.
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SUMMARY
(Bretz)
Bretz’s Flood Ilypothesis (1923-1932)

The greatly scarred linear tracts of denuded
basalt interlaced in a complicated pattern and
elongated with the dip slope of the otherwise
lucss-covered platean of castern Washington
have been made Ly glacial floods entering a
maturcly developed normal drainage pattern.
The adjective “channchad,” firal proposad Ly
Hretz (19320), and used in a dozen ater pajers
implics that an enormous volume of water
transformed the invaded valleys into gigantic
river channels. Such great quantities could
continuc to arrive only for a bricf time, and a
large volumne of ponded water, capable of Leing
abruptly released, is necded for this interpeeta-
tion. Lake Missoula’s volume of 500 cublic miles
(Pardee) Lack of a glacial dam with one buttress
most vulnerably situated for a catastrophic
failure is argucd as the source. Even then, repe-
tition of the cataclysmic flooding scems indi-
cated by the amount of work done Ly
the short-lived glacial rivers. This paper pre-
sents new ficld evidence believed to be eui-
sonant only with the interpretation of repeated
£oods. Its Jeading theme is that Jhe associsted
mounded gravcl deposits have construction:l
forms, are gigantic river bars.

But the demand for unprecedented volume
has seemed ouirageous to conservative geclo-
gists, and other hypotheses have been ud-
vanced to explain the eatraordinary crosional
and depositional features of the Washington
scabland. Two of them possess suflicient ap-
parent applicability to have sccured adherents

Allisow's Ice-Jam Hypothesis (1933)

Allison (1933) argued that the scabland phe-
nomena resulted from a damming in the
Columbia River gorge across the Cascade
Range, more than 100 miles downstream from
the plateau scabland. His dam was initiated Ly
a landslide and composcd of Lerg ice and river
ice. Once started, it grew upstream by sucees-
sive increments, eventually ponding the deep
major valleys that bound the platcau and
allowing glacial strcam water of normal volume
to cross low places in divides of the plateau's

preglacial drainage system. The complexity of
the scabland pattern requircd many other ice
jams to provide fur divide crossings farthicr buck
up the platcau slope. Water bypassing these
ice jams in “run-around” lateral channels
gashed into the Llocked valicys' slupes to make
high-lying scalland and remodcled older
terraces to form “perchied” bars.

Allison aditted that his Cascade Gorge dam
must have been 900-1100 feet high Lut did not
point out auy fickl evidenee for its precise loca-
tion nor fur s great “run-around” Ly pass
chianndds in e gorge walls. Nor has he desht
adequatddy vath the resultant fluod down the
Columbiy (1932) bLelow the dam when that
great obstruction fimally failed. He never lo-
cated any simaller dams back on the platcau
although he wrote about the excellent records
left by stranded Lergs in the widest ponding of
glacial water in the region, the Pasco Lasin,

Allison’s greatest dam lengthened upstream
along the Columbia for 100 miles or more above
its inception in the Cascade gorge. It thickened
as it leagthondd, and many diverted lateral
strands of the glacial Columbia cut notches
and chann: b across interluscs between enter-
ing tributary valleys and made grave and
rubble “durups”, “delias™, “fans”, and “bars"
in water ponded in these valleys. Several may
occur at dillcrent altitudes in one locality, but,
taken as 4 whole, they fall into a general de-
scending profile for this valley stretch (Brete,
1925). Eventuslly this ice jam was so thick
that the Columbia became a scrics of pouds in
these tributary valleys, standing at about 1100
fect A.T. fur the entire distunce (Allison, 1933,
p- 722). No divension channels were made at
this altitude; only peLbly silts and berg-rafted
erratic bt ulders attest the maximum flvoding.
How the glacially svollen river traversed this
100 miles of individual lateral pondings on no
gradient is uncexplained. How the diversion
channdds crd pravel depocits near the main
valley escaped modification while the dam was
growing to full thickness is & puzzle for the
deeper part of this long stretch of Lake Lewis
was then almost sclidly full of ice. The high-
lying silts and rafted Loulders may not date
fram the irede of diversion channcls and
gravel deporits. Leaving out the 1100 foot
records, Allisen's picture for this 100 miles of
Columibia Valley is zppealing but lacks any
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positive records of the ice blockade itsclf or of
8 downvalley rush of water when it failed.

Scurch was made at Washtucna Coulce,
Esquatzel Coulce, Lower Crah Creck, Upper
Crab Creck, and Palouse Canyon, where divide
crossings or lateral canyons scumed to suggest
detours caused by ice jams in the glacial
streams. No favorable coustrictions and no
records of stranded Lergs were found. Instead,
the upper limits of the glacial rivers, recorded
in stecpened slopes of the Lordering loess,
possess  uniformly  descending profiles along
such glacial river courscs.

Local ice jams may have occurred in the
making of the scabland but no evidence for
any has been found. Allison implied that
downvalley floods from the inevitable bursting
of such dams made the great mounded scabland
gravel deposits (remodeled  older terraces)
which he recognized had Largely constructional
forms.

Allison also theorized on a deep flusial fill
in the capacious Pasco basin. This basin was
undoubtedly occupicd by glacial water up to
the limits specified, but the only deposits which
might conccivably record his detrital fill are
huge, clongated mounds, 100 icet or more
above the bottoms of closcly associated de-
pressions, both forms streanilined like the bars
he¢ identified in Snake Canyon, but lying out in
the middlc of a river valley more than 15 miles
wide. The largest depression contains a closed
basin 44 mile long and more than 30 feet deep.
He found only one terracelike gravel deposit
in the Lasin to fit his theory.

Flint's Fill  Uypothesis (1938)

Flint (1938) proposed that the many divide
crossings and the abundant searps in loess-
covered tracts bordering the scablands had
resulted from depesition in the valleys invaded,
8 common procedure of laden glacial strecams
but continued here until low divides were
crossed and the plexus was outlined. Raising of
base level to produce this deposition was pre-
sumably because of a dam in the Columbia
gorge, formed probably by a great landside or
a local valley glacier pushing down into the
gorge. This dam was as inferential as Allison's.
Flint's glacial streams across the platcau were

shallow and “only small picces of glacier jce”
ever floated duwn them. During wastage of the
dam, the glacial streams gradually removed
their fills to leave remnants (1S per cent of
otiginal deposits~Flint) which he called
terraces modificd by creep and slopewash;
“in various states of (subsequcnt) disscetion.”
Every high-lying minor unit of the plexus was
as wcll cleaned out as the larger, deeper ones.
Wide-swinging meanders were a feature of the
dissection on the broader (10-20-niile) tracts.
The rugged basalt scabland, including the
huincrous and spectacular rock basing, was
made largely during this removal.

This Columbia gorge dam must have wasted
awdy very slowly, fur the nearly corplete re-
moval of the fill in scabland routes was all done
with moderate quantitics of glacial water while
also the valley bottom basalt was being searified
(by meandering streams!) into the Lutte-and-
tasin tapography characrerizing veabland.

Flint's interpretation of the gravel deposits
associated with the scabland routes as “nog.
paired, stream-cut terraces”, cannot be ac-
¢ pted. Many of the “remnants” are ungullied
hills of gravel standing out in mid-valley,
possessing stream-lined forms, having associ-
ated closcd fosse depressions between them and
valley walls, containing bouldery accumula-
tions for the transportation of which his
“leisurcly’ streams never could be held com-
petent, displaying internal structures of long
fore-sets parallel to the slope for the entire
height of the deposit, and carrying gigantic
current ripples on their summits z5d clannel-
side slopes. Allison, in a later paper (1941),
reeognized these gravel piles as subfluvially
shapcd individual forms made in favored
places.

There are divide crossings incaplicable by

inl's rising fill (Drumhcller, Othello, Devils
Canyon, Palouse Canyon); there were con-
temporaneously [unctioning spillways out of
basins (three cataracts and Drumhcller from
Quincy bLasin, Dry and Long Lake coulees out -
of Bacon synclinc) which, even with adequate
fills, required far greater volume of water than
Fiint allowed.

Flint reported that many loessial scarps
margining the scalland river routes were
“multiple” and argued that the benchied slopes
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‘anacts and Drumheller from
‘y and Long Lake coulecs out
2) whicl., even with adequaie
§reater volume of water than

! that many loessial scarps
sQbland river routes were
Tgued that the benchied slopes

e ——— -

o —————

SUMMARY

recorded stapes in removing the fill, overluoking
any alternative possibilities,

The extravrdinary pattern of islandlike,
scarp-margincd, prow-pointed residual hills of
locss isolated in wide areas of scabland and cut
through by narrow, subparallcl accessory glacial
river channdds was to Flint the conscquence of
his widespread aggeadation. But in the cleaning
out of all the filled valleys by lateral planation,
no meander scars were ever left in the Jocssial
scarps.®  Furthermore,  Flint's mechanism
"Lecaks down utterly” (Allison, 1911, p. 50)
when cathanis of all the high-lying minor
divergent strands is required of it.

Flint’s arrow went widest of its mark at the
place where Allison specified an ice jam in
Snake Canyon at the junction of the Chency-
Palouse scabland river with the larger valley.
For this disuict, Flint listed several dry falls
and rock basins, stressing their small dimen-
sions (100 small to be shown by the 40 ft. con-
tour intervals of the subsequently published
topographic maps) 25 typical. Unfortunately,
he missed sceing dry falls 100 1o nearly 300 fect

high, empty reccssional gorges with closed

depressions in them more than 100 feet deep,
and rock Lasins cqually deep on the rocky sum-
mit of the preglacial divide where a width of
9 miles was swept clean of its locss cover and
%o of its 80-square mile arca has no remnants
of his fill.

Flint hypothesized a debris fill completely
blocking Snake Canyon just beyond this
favaged divide summit. To make a lake
(Riparia) to account for high-lying, berg-
rafted erratic boulders farther up the Snake,
the fill had to Le SO0 feet thick. The outlet of
the lake had to be around the southern low
periphery of the fill. In the subscquent dissec-
tion of this dam (during the slow wastage of his
Columbia gorge dam), Snake River unac-
countably abandoned the low marginal bypass
route, where it should have becone entrenchied,

and returned to its bLuried preglacial porgea,
———

? Refore one commits himself as skeptical of the
interpretation of the present study, he should ex-
aminc the Benge, Haas, LaCrosse and Starbuck
quadrangle maps, A tcpography probiably without
close approach 1o paralielism in his expericnce with
Miaps or Lerrmin is depi. od on them. Sume of the
“islanda" (ininur peroscabland intesfluves) have had
one side so largcly removed that litgle valleys drain-
ing to the opposite side have Leen behieaded.
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The fill is alinost alt gone, and the exbumed,
rugged busalt topography forbids any cuncept
of a lateral shifuing to Leing the Snake back.

Character of New Evidence (1952)

The new evidence for torrential discharge
comes frum detuiled topographic maps (10 foot
and 2-foot contour intervals) by the U. S.
Burcau of Reclamation; from new topographic
maps by the U. S. Geological Survey; frum
175 miles of noain ittigation canaly eacavatul,
in large part, in seabland graved depusits; from

" dozens of large, recently opened gravel pits;

and from ac:ial photograplis not available
during any carlicr study.

The acrial photagraphs reveal giant current
ripples on mounded gravel deposits interpreted
as gigantic tiver bars, cssentially unmodified
subfluvial corstructional forms.

Long, deltalike fore-sct bedding parallels the
slopes and cxiends throughout the Lody of
many of thise Lars. The large quantity of
transported Luulders in some Lars and their
huge size are impossible products of Flint's
streams.

Records o! ::p2ated debaclelike floods have
been found we!l distriLuted throughout the
whole scablar? complex. The western part of
the scabland (Grand Coulce, Quincy Lasin,
adjacent Coiurlia valley) has had at least
seven floods, fvs down Grand Coulee and two
aflecting the Culymbia valley alone. These are
accounted for Ly repeated burstings (and re-
constructions; of the glacial ice dam of Lake
Missoula ju the meuntains of western Montana,
Altitudes and topographic relations between
the lake and 1k plateaw are in consonance with
the idea. Strikirz records that the lake was
abruptly  ¢nipoied {giant  current  ripples,
severely scoured salients, huge barlike deposits,
Pardee 1942 strongly support that in.
terpretation.

Frono Corrrrations

(Bretz)

Corrclations nf all the postulated floods are
fot yet feasille The latest flood across Quincy
Lasin came frem Grand Cou'-¢ alone, unly
alter that deep canyon had been cut com-
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pletely across the plateau’s high northern cdge
and only when the Okanogan lobe, hulding an
advanced position across the Columbia valley,
prevented escape of the glacial water around
the northwestern part of the platcau. This event
is generally considered to Le of late Wisconsin
age. At that time only devper Drumheller and
Othellu channels and Lower Crab Creck opr-
ated downstrcam frum Grand Coulee. Back-
filling in the mouth of Upgwer Craly Creck and
perhapn in lower Washtucna Coulee was con-
temporancous with it.

Bretz has argued that all channels in the
scabland complex functioncd Jontemporance-
ously until Grand Coulee’s great gash was
completed. With this interpretation, Flint has
agreed (1938, p. 46). But the new evidence of
deepening of sume channcls during a succession
of flouds renders that concept invalid for luter
occupations. The idea is not yct to be dismissed
for the carlicat recorded flooding. Tt is Lased on
altitudey of upper fluad limits at the channel
heads on the high northiern ¢dge of the tilted
plateau. About a dozen definite channel heads
arc distributed along about 5 miiles of this
divide, and the upper-limit altitudes (highest
scabland, locssial searp Lases, and ice-rafted
erratics floated back in minor valleys in the
locys) lie Letween 2430 and 23530 fect. AT,
{(Bretz, 1928b, PL 5). Although these are not
precise markers, there is no cumulative de-
crcase in their altitudes either cast or west. Part
of this range may well be aseribed to ‘ancroid
errors. .

The conclusion that the first recorded flooding
uscd all channels can be avoided if the sites of
the western chanacl heads were o4, ginally suffi-
ciently lower than the castern oncs to take all
the first flood water and (2) in some subsequent
floeding, cither these heads were closed Ly an
advanced cdge of the Cardilicran ice shect so
that higher castern channcls were initiated or
castward down-tilting had occurred sipce the
preceding flood. This sequence can be reversed
t:r Llocking the lower western channel heads at
the tiine of an carly flood with an expanded
Columibia lobe so that only the higher Chency-
Palouse route operated and then in later floods
which found a shrunken Colymbia lobe, Ly-
passing that eastern route. Pustscabland cast-
west tilting would again be necessary to bring

all channcl-head upper limits into the same
horizontal plane. An eastward down-tilting,
however, would remove the present diflicuhy
with altitudes at Mica.

The channcled summit of Steamboat Rock
in upper Grand Coulec carrics glacial striac and
a mwraine ridge, both clearly luter than the
channcling (Bretz, 1932, p. 33). A silt-covered
bouldery ridge on the coulee floor close to the
clifts of Steambaaat is perhaps morainic. The
cisteen margin of the Okanogan lile ap-
parently has invuded the coulee head since
cataract recession passed the Rock. I this
completely closed the coulce, it must have
caused rencwed discharge of flood or normal
mcltwater through the deeper of the eastern
scabland channels. Such an episode nwst have
been bLrief, for very little setreat of the
Olanogan lobe would again open Grand Coulee.
A flood down Columbia valley west of the
scablands followed the last Grand Coulce dis-
charge, its record indisputable in West Bar's
gt current ripples and the Beverly bLar.
Bursting of the Okanogan lobe’s dam (Waters,
1933, p. 617), perhaps as a conscquence of
another Lake Missoula dam burst, may well
have supplicd the water for this Liest glacial
tiver fluwding of the Columbia I'lateau.

The writers do not belicve that successive
Lake Missoula emptyings are to be corrclated
strictly with successive Pleistocene glacial
cpisndcs. Dam failures probably came when in-
creasing hydrostatic pressure in front of the
Pend Oreille lobe coincided with weakening of
the icc front. NDecreased alimentation of the
lobe would accompany sub-periodic elimatic
warmings when wastape would also be excessive.
Repeated failures may have occurred during
any onc glacial cycle. This would be comparable
to recurded modern glacial lake bursting in
Aaska, British Columbia, the Himalayas, the
Alps and elsewhere (Kerr, 1934; Kicbelsberg,
1948; Siune, unpublished).

The steep scarps in weak loess can hardly be
survivals from early Pleistocene glacial floods.
I, therefore, they were made in relatively late

Tleistocene time, either there were no earlier

Lake Missoula pondings and outbursts or the .

“ Pardec’s giant ripples (1942) record a lake sut-
face at least 3450 feet A.T. when the dam burst.




\S!!fﬂ.e'!ml

east of the channeled
ST 30, p. 393421,
fissouta and the ane flood
oL Soc. America Bull, v. 41,

duposits west of the channeled
. cmlog: v. 38, p. 385422
wd Coulee: American Geog. Soc.

L

The Palouse soil problem: U. S.
iull, 790-18 .
19, On ripples and rclated sedi-
‘¢ forms: Am. Jour. Sci.,"v. 47,

1249, .
1918, Guidebook of the Western

, The Northern 1'acific Route:
vy Bull 611, p. 142

37, Eatensions of the Ringold
srthwest Sci., v. 11, no. 1,

11, Features of glacial origin in ’

1daho: Assoc. Am. Geog. Annals,

1

Honkala, F. S., 1952, Cenozoic
oula Valley, Missoula, Co., Mon-
): Geol. Soc. America Bull., v. 63,

1, Yukon channcl shilting: Geol.
bull, v. 49, p. 343-358

“tratified drift and deglaciation of
.nzton: Geol. Soc. America Bull,,

|
ene drilt border in Eastern Wash.
Soc. America Bull,, v. 48, p. 461~

of “the Cheney-Palouse scabland
x. America Bull, v. 49, p. 461~

25 'agtle supply of water for
f?:;sﬁ.,‘? 69, p. 183-190
3, I1%Covery in Eastern Washing-
»be of the Plcistocene continental
. §S, p. 227-230

wial history of the Scabland and
<3, Cordilleran continental glacier:
1ed, J. W. Edwards, Ann Arbor,

1, Origin of the \Washington scab-
est Sai., v. 8, p. 4-11

13, The Spokane flood; A discus.

.obgy, v. 33, p. 147-748
i, The ice dam and floods of the
Aish Columbia: Geog. Rev., v. 24,

-('Z'Lw"?' Ham.!bu?p der Gle‘t’u}::r-
azialgeologie: Springer Verlag,
. 2N2-218 s

. 1940, Sand waves in the lower
River: Western Soc. FEngineers,
01

-» 1919, Road-building sand and
ka‘s’hin;lon: Wash. Geol. Survey,

'#H, Clastic dikes of the Columbia
\w Washington and Idaho: Geol.
s Bull, v, 8S, p. 1431-14062

1218, Macrotusbulence in natural
Am, Ceophys. Union Trans,, v. 28,

J

REFERENCES CITED 1049

McKnight, E. T., 1927, The Spokane flood: & dis-
cussion: Jour. Geology, v. 33, p. 453-460
Nobles, L. H., 1932, Glacial scquunce in the Mission
Valley, Western Mont. (Alatract): Geol. Soc.
America Rull, v. 63, pt. 2, p. 1286

Page, B. M., 1939, Multiple Alpine glaciation in the
l.c;\‘rgn:osrth area, Wash.: Jour. Geology, v. 47,

. -81

Pudge, J. T., 1910, The glacial Lake Miisoula,
Mont.: Jour. Geology, v. 18, p. 376-336

—— 1922, Glacistion in the Cordilleran region:
Si., v. 56, . 686- (57

= 1942, Unusual currents in glacial Lake
Missnula, Mont.: Geol. Soc. Amcrica Mull,
v. 53, p. 15 1600

Piper, A. M., 1932, Geology and ground-water re-
sources of the Dalles region, Ore.: U. S. Geol.
Survey W. S. Paper 659, p. 130

Raisz, Erwin, 1941, Land forms of the Northwestern
States (Map): Cambridge, Mass., The Auther

Schwennesen, A. T., snd Meinzer, O. E., 1918,
Ground water in Quincy Valley, Wash.; U. S,

Geol. Survey Water-Supply Paper 428, p. .

131-161

Thiel, G. A,, 1932, Giant current ripples ia Suvial

. sediments: Jour. Geology, v. 40, p. 452-458

Trimble, D. E., 1930, Joint controlied channeling
in the Columbia River basalt: Northwest Sdi.,
v.24,p Ri B8

Waters, A. C.,, 1933, Terraces and coulees along
Columbia River near Lake Chelan, Wash.:
Geol. Suc. America Bull,, v, 44, p. 763-820

University or Cuicaco; Citicaco 37, Iiuwvois;
University  oF  Massacnuserrs, Auicast,
Mass,;, U.S. Huurau oF ReClaMATION, Liriiata,
Wasiincion

MANUSCRIFT RFCEIVED BY THE SECRETARY OF TUL
Socicy, Mavy 24, 1954

.. mme—. e memmacp e =




